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National  Park. 
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J.  D.  RUNKLE,  of  Boston;  A.  R.  Grotk,  of  Buffalo;  N.  S.  Siialer,  of 
Cambridge ;  J.  W.  Powell,  of  Wasliington ;  N.  T.  Litpton,  of  Nashville. 

4.    Committee  on  the  Eelation  of  Science  to  the  Industrial  Arts. 

R.  II.  Thurston,  of  Hoboken;  J.  M.  Safford,  of  Nashville;  T.  C. 
Mkndentiall,  of  Columbus;  J.  T.  Wilder,  of  Chattanooga ;  0.  Cuanutb, 
of  New  York. 

5.    Committee  to  Memorialize  Congress  in  relation  to  Meteorological 
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J.  D.  PLUNKET,t  of  Nashville;  Elias  Loomis,  of  New  Haven;  N.  S. 
Shaler,  of  Cambridge ;  G.  Hinrichs,  of  Iowa  City ;  J.  B.  Killebrew, 
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*  Since  deceased.  f  Besigned. 
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ELECTED  FOR 

THE   ST.  LOUIS  MEETING. 


PRESIDENT. 
O.  C.  Maksh,  of  Now  Haven. 

VICE  PRESIDENT,  Section  A. 
R.  H.  Thurston,  of  Iloboken. 

VICE  PRESIDENT,  Section  B. 
A.  R.  Grote,  of  Huffalo. 

CHAIRMAN  OP  PERMANENT  SUBSECTION  OP  CHEMISTRY. 

F.  W.  Ci-AUK,  of  Cincinnati. 

CHAIRMAN  OP  PERMANENT  SUBSECTION  OP  MICROSCOPY. 

G.  S.  Blackik,  of  Nashville. 

PERMANENT  SECRETARY. 
F.   "W.   PuTXAM,   of    Cambridge. 

GENERAL  SECRETARY. 
H.  Caruington  Bolton,  of  Hartford. 

SECRETARY  OP  SECTION  A. 
F.  E.  NiriiKR,  of  St.  Louis. 

SECRETARY  OP  SECTION  B. 
Georgb  Little,  of  Atlanta. 

TREASURER. 
"WlLLiA^i  S.  Vaux,  of  Philadelphia. 

STANDING  COMMITTEE. 
Past  Presidents.  — Tivs^Ayn^  PictucK,  of  Cambridge;  Jamrs  D.  Daxa, 
of  New  Haven;  .Tamk-s  Hall,  of  Alljany  ;  Stkpiikx  Alkxaxdkr,  of  Prince- 
ton ;  Isaac  Lka,  of  Philadelphia;  F.  A.  P.  Barnard,  of  New  York  :  J.  S. 
Nkwueurv,  of  New  York;  B.  A.  Gould,  of  Boston;  T.  Stkrry  Hunt,  of 
Boston;  AsA  Gray,  of  Cambridge;  J.  Lawrkxck  Smith,  of  Louisville; 
JosKPH  LovKRiNG,  of  Cambridge ;  John  L.  LkContk,  of  Phiradelphia;  J. 
E.  Hii.GARD,  of  Washington;  William  B.  Rogers,  of  Boston. 

TVie  President,  Vice  President,  Secretaries  and  Treasurer  of  the  Meeting. 

Officrs  of  the  Preceding   Meeting. — Simox  Nkwcojib,   of  Washington ; 
Edward  C.  Pickering,  of  Cambridge ;  William  H.  Dall,  of  Wasiiington. 

From  the  Association  at  large. —  Six  Fellows  to  be  elected  on  the  first 
day  of  the  meeting. 
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S  UBCOMM  ITT  E  KS. 

liicfptinn  : — Hon.  Thomas  Allen,  Chairman  ;  Henry  Hitchcock,  Mniior 
OvtTNloiz,  .Juines  B.  Eads,  Theodore  Meier,  Thomas  Klclieson,  Judge 
Sainiiol  Treat,  Wni.  T.  Harris,  Dr.  J.  B.  Jolinson,  Gen.  J.  H.  Simpson, 
Gerard  B.  Allen,  Dr.  C.  W.  Stevens,  Albert  Todd,  Dr.  George  Engelmann, 
J.  K.  Shepley,  James  E.  Yeatman,  George  D.  Hall,  Dr.  E.  S.  Leraoine,  R. 
M.  Scruggs,  Gen.  J.  W.  Turner,  Judge  Nathaniel  Holmes,  James  O. 
Broadhead,  John  T.  Davis,  M.  Dwight  Collier,  Capt.  Silas  Bent,  Moses 
FraU'v,  Charles  Parsons,  Rev.  J.  C.  Learned,  Henry  Shaw,  Dr.  Leet, 
Edwin  Harrison,  Dr.  S.  H.  Sonneschein,  J.  K.  Cummings,  Wm.  Glasgow, 
jr.,  Eraslus  Wells,  John  B.  Maude,  Julius  S.  Walsh,  Rev.  Dr.  Xiccolls, 
Nathan  Cole,  M.  J.  Lippnian,  Rev.  Dr.  M.  Schuyler,  Judge  H.  M.  Jones, 
Morris  Rosenheim,  D.  R.  Garrison,  S.  M.  Dodd,  Judge  Lindley,  Prof.  W. 
B.  Potter,  Hon.  Enos  Clarke,  Prof.  F.  E.  Nipher,  A.  Krieckhaus. 

Finance: — Judge  Charles  Speck,  Chairman;  George  Bain,  E.  O.  Stan- 
ard.  R.  M.  Scruggs,  Thomas  E.  Tult,  M.  Fraley,  John  B.  Maude,  Charles 
Barstow,  S.  H.  Laflin,  Auguste  Frank.  George  J.  Engelmann.  Regis  Chau- 
venet,  W.  J.  Lemp,  Dr.  W.  C.  Glasgow,  John  N.  Dyer,  Adolph  Busch, 
Wm.  M.  Senter,  Wm.  P.  Shryock. 

Excursions  and  Entertainments : —  George  Bajx,  Chairman ;  E.  T. 
Allen,  E.  A.  Hitchcock,  Eben  Richards,  John  A.  Scudder,  D.  K.  Ferguson, 
Rev.  John  Snyder,  C.  P.  Johnson,  Isidore  Bush. 

liailroadu : — Wm.  Taussig,  Chairman;  John  E.  Simpson,  C.  W.  Bradley, 
Wm.  Duncan,  John  J.  Mit<rhell,  C.  C.  Cobb,  A.  W.  Soper,  George  H. 
Heafford,  James  F.  Howe.  R.  P.  Tansey. 

Printing: — Enno  Sanders,  Chairman;  Wm.  Hyde,  D.  M.  Houser,  B.  M. 
Chambers,  John  A.  Dillon,  Carl  Daenzer,  E.  Preetorius,  A.  E.  Levison, 
R.  P.  Studley. 

Telegraph  and  Mail :— Ciiwucey  I.  Fillet,  Chairman;  Col.  R.  C. 
Clowry. 

Microscopes:— Dr.  George  J.  Engelmann,  Chairman;  Dr.  John  Green, 
Dr.  A.  Litton,  Dr.  G.  Hambach. 

Arrangements ;— W.  H.  Pui.sifeu,  Chairman  ;  Prof.  W.  B.  Potter,  E.  C. 
Simmons,  F.  A.  Churchill, 
(sii) 
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MEETINGS  AND  OFFICERS  OF  THE  ASSOCIATION  (^Continued) . 


MEET- 
ING. 

PATE. 

PLACE- 

PRESIDENT. 

VICE  PRESIDENT, 
8ECTION  A. 

24th 
25th 
26th 

Aug.  11, 1875, 
Aug.  23,  1876, 
Aug.  29,  1877, 

Detroit,  Mich., 
Buffalo,  K.  Y., 
Nashville,  Tenn., 

J.E.  Hilgard, 
William  B.  Rogers, 
Simon  Newcomb, 

H.  A.Newton, 
Charles  A.  Young, 
R.  II.  Thurston,' 

VICE  PRESIDEXT, 
SECTION  B. 

CHAIRMAN  OP 

PKRMANENT 

SUBSKC TION  C, 

CHEMISTRY. 

CHAIRMAN  OF 

PERMANENT 
SIBSKCTION  I). 
ANTHROPOLOGY. 

CHAIRMAN  OF 

I'EBMANENT 
St'BSKCTION  E, 
MICROSCOPY. 

J.  W.  Dawson, 

Edward  S.  Morse, 
0.  C.  Marsh, 

S.  W.  Johnson, 
George  F.  Barker, 
N.  T.  Lupton, 

L.  H.  Morgan, 
L.  n.  Morgan, 
Daniel  Wilson,* 

R.  H.  Ward, 
R.  H.  Ward, 

PERMANENT 
SECRETARY. 

GENERAL 
SECRETARY. 

SECRETARY  OF 
SECTION  A. 

SECRETARY  OP 
SECTION  B. 

F.  W.  Putnam, 
F.  W.  Putnam, 
F.  W.  Putnam, 

S.  H.  Scudder, 
T.  C.  Mendenhall, 
Aug.  R.  Grote. 

I  S.  P.  Langley, 

i  T.  C.  Mendenhall, 
A.  W.  Wright, 

H.  C.  Bolton, 

E.  S.Morse, 
Albert  H.  Tuttle, 
Wm.  H.  Dall, 

SECRETARY  OF 
PEKMANENT 

SrBSECTION    C, 
CHEiUSTRY. 

SECRETARY  OF 

PERMANENT 

SUBSECTION  D, 

ANTHROPOLOGY. 

SECRETARY  OF 

PERMANENT 
SUBSECTION  E, 
MICROSCOPY. 

TREASURER. 

F.  W.  Clarke, 
H.  C.  Bolton, 

F.  W.  Putnam, 
0.  T.  Mason, 

W.  8.  Vaux. 
W.  S.  Vaux. 
W.  S.  Vaux.* 

E.  W.  Morley, 

T.  0.  Summers,  jr.. 

»In  the  absence  of  E.  C.  Pickering.  ^  The  Subsection  united  with  Sec.  B.  *  Not  present. 


COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 

a:n'  act 

To     IsCORPOnATE     THE    "  AMERICAN     ASSOCIATION      lOR     THE 

Advancement  of   Science." 

lie  it  etiacteil  hy  (fir  Senate  and  Ilouse  of  liepresentativcs,  in  General  Court 
assembled,  and  by  (he  authority  of  the  same,  aafolloios  : 

Section  1.  Joseph  Henry  of  Washington,  Benjamin  rieice  of  Cam- 
bridge, James  I).  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  I'rovidence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
rhiladelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  Cleve- 
lanil,  B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  "American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  "  American  Association  for  the 
Advancement  of  Science,"  for  the  purpose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  in  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  "by  mail,"  to  each  member  of 
the  said  Association. 

Section  4.     This  act  shall  take  efiect  upon  its  passage. 

House  of  Representatives,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  Sanford,  Speaker. 
In  Senate,  March  17,  1874. 

Passed  to  Ije  enacted,  March  19,  1874. 

Geo.  B.  Loring,  President.  Approved, 

"W.  B.  "Washburn. 
Secretary's  Department, 

Boston,   April   3,    1874. 

A  true  copy.  Attest: 

David  Pulsiter, 
Deputy  Secretary  of  the  Commonwealth, 
(xvi) 


CONSTITUTION 

OF    THE 

AMERICAN   ASSOCIATION   FOR   THE  ADVANCEMENT 
OF   SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts. 


Objects. 

Article  1.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  impulse  and  more  systematic  direction  to  scientific  research,  and 
to  procure  for  the  labors  of  scientific  men  increased  facilities  and  a  wider 
usefalness. 

Members,  Fellows,  Patrons  and  Honorary  Fellows. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons 
and  Honorary  Fellows. 

Art.  3.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  a  majority  of  the  members  and 
fellows  present  in  general  session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  from 
suih  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
l)y  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  gen- 
eral session.  But  all  persons  who  may  be  members  at  the  time  of  the 
adoption  of  this  constitution  may  become  fellows  by  signifying  their 
desire  to  this  effect  before  the  first  day  of  August,  1875. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 

A.  A.  A.  s.,  vol.  xxvi.     n.  (xvii) 


j^viii  CONSTITUTION 

Anr.  0.  llononiry  Follows  of  the  Association,  to  the  number  of  ten  for 
each  section,  mny  l>e  elected;  the  nominations  to  be  made  by  the  Stand- 
ing Commilti-e  nnil  approved  by  ballot  in  the  respective  sections  before 
election  tiy  ballot  in  /^'i-neral  session.  Honorary  Fellows  shall  be  entitled 
to  all  the  i)rivik';ies  of  follows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitlid  to  all  publications  of  the  Association  Issued  after 
the  date  of  their  election. 

AuT.  7.  The  name  of  any  member  or  fellow  two  years  in  arrears  for 
ninuial  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  interval  of  at  least  three  months,  shall 
have  been  ftiven;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  or 
business  of  both  sections  at  the  same  meeting. 

Officers 

Art.  9.  The  OfRcers  of  the  Association  shall  be  elected  by  ballot  in 
general  session  from  the  fellows  and  shall  consist  of  a  President,  two 
Vice  Presidents,  a  General  Secretary,  a  Permanent  Secretary,  a  Treas- 
urer, a  Secretary  of  Section  A,  and  a  Secretary  of  Section  B ;  these,  with 
the  exception  of  the  Permanent  Secretary,  shall  be  elected  at  each  meet- 
ing for  the  following  one,  and,  with  the  exception  of  the  Treasurer  and 
the  Permanent  Secretary,  shall  not  be  recligible  for  the  next  two  meet- 
ings.    The  Permanent  Secretary  shall  be  elected  at  each  fifth  meeting. 

Art.  10.  The  President,  or,  in  his  absence,  one  of  the  Vice  Presidents, 
shall  preside  at  all  general  sessions  of  the  Association  and  at  all  meetings 
of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the  President  to 
give  an  address  at  a  general  session  of  the  Association  at  the  meeting 
following  that  over  which  he  presided. 

Art.  11.  The  Vice  Presidents  shall  be  the  presiding  oflBcers  of  Sections 
A  and  B,  and  of  the  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  respective  section,  at  such  time 
as  the  section  shall  determine.  The  Vice  Presidents  may  request  their 
respective  sections  to  appoint  temporary  chairmen  to  preside  over  the 
sessions  of  the  sections,  but  shall  not  delegate  their  other  duties. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  general 
sessions  of  the  Associatfon,  and  of  all  sessions  of  the  Standing  Com- 
ndttee,  and  shall  keep  a  record  of  the  business  of  these  sessions.    He 
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shall  receive  the  records  from  the  Secretaries  of  the  Sections,  which, 
after  examination,  he  shall  transmit  with  his  own  records  to  the  Perma- 
nent Secretary  within  two  weeks  after  the  adjournment  of  the  meeting. 
He  shall  receive  proposals  for  membership  and  l)ring  them  before  the 
Standing  Committee.  He  shall  give  to  the  Secretary  of  each  Section  tlie 
list  of  papers  assigned  to  it  by  the  Standing  Committee. 

Art.  13.  The  Permanent  Secretary  shall  be  the  executive  ofTu'er  of  the 
Association  under  the  direction  of  the  Standing  Committee.  lie  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitutionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annurJly  at  the  first 
meeting  of  the  Standing  Committee,  a  report  which  shall  be  laid  before 
the  Association.  He  shall  attend  to  the  printing  and  distribution  of  the 
annual  volume  of  Proceedings,  and  all  other  printing  ordered  by  the  As- 
sociation. He  shall  issue  a  circular  of  information  to  members  and 
fellows  at  least  four  mouths  before  each  meeting,  and  shall,  in  connection 
with  the  Local  Committee,  make  all  necessary  arrangements  for  the 
meetings  of  the  Association.  He  shall  provide  the  Secretaries  of  the 
Association  with  sucli  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows  with  such 
blank  forms  as  may  be  required  for  facilitating  the  business  of  the  Asso- 
ciation. He  shall  collect  all  assessments  and  admission  fees,  and  notify 
members  and  fellows  of  their  election,  and  of  any  arrearages.  He  shall 
receive,  and  bring  before  the  Standing  Committee,  the  titles  and  abstracts 
of  papers  proposed  to  be  read  before  the  Association.  He  shall  keep  an 
account  of  all  receipts  and  expenditures  of  the  Association,  and  report 
the  same  annually  at  the  first  meeting  of  the  Standing  Committee,  and, 
at  the  close  of  each  year,  shall  pay  over  to  the  Treasurer  such  unexpended 
funds  as  the  Standing  Committee  may  direct.  He  shall  receive  and  hold 
in  trust  for  the  Association  all  books,  pamphlets  and  manuscripts  be- 
longing to  the  Association,  and  allow  the  use  of  the  same  under  the  pro- 
visions of  the  Constitution  and  the  orders  of  the  Standing  Committee. 
He  shall  receive  all  communications  addressed  to  the  Association  during 
the  interval  between  meetings,  and  properly  attend  to  the  same.  He 
shall  at  each  meeting  report  the  names  of  fellows  and  members  who 
have  died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Standing  Committee,  and  may  employ  a 
clerk  at  such  compensation  as  may  be  agreed  upon  by  the  Standing  Com- 
mittee. 
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Ai!T.  14.  The  TrcasuriT  shall  invest  the  Ainds  received  by  him  in  such 
vccurltios  as  may  bo  directed  by  the  Standing  Committee.  He  shall 
annnally  present  to  the  Slaiulinij  Committee  an  account  of  the  funds  in 
his  cliarjje.  No  expenditure  of  tlie  principal  in  the  hands  of  tiie  Treas- 
urer shall  be  made  without  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-thirds  vote  of  the  Standing  Committee. 

Ai!T.  15.  The  Secretaries  of  Sections  A  and  B  shall  keep  the  records 
of  their  respective  sections,  and,  at  the  close  of  the  meeting,  give  the 
same,  including  the  records  of  subsections,  to  the  General  Secretary. 
They  shall  also  be  the  secretaries  of  the  sectional  committees. 

Akt.  IC.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  bj'  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  oflices  of  Vice  President.  General 
Secretary,  Permanent  Secretary  and  Treasurer,  shall  be  filled  by  nomina- 
tion of  the  Standing  Committee  and  election  by  ballot  In  general  session. 
A  vacancy  in  the  office  of  Secretary  of  a  Section  shall  be  tilled  by  nomi- 
nation and  election  by  ballot  in  the  section. 

Akt.  17.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
the  President,  the  Vice  Presidents,  the  four  Secretaries,  the  Treasurer, 
with  the  above  named  officers  of  the  preceding  meeting,  and  six  fellows 
elected  by  ballot  after  open  nomination  at  the  first  general  session.  The 
members  present  at  any  regularly  called  meeting  of  the  Committee,  pro- 
vided there  are  at  least  five,  shall  form  a  quorum  for  the  transaction  of 
business.  The  Standing  Committee  shall  meet  on  the  day  preceding 
each  annual  meeting  of  the  Association,  and  arrange  the  programme  for 
the  first  day  of  the  sessions.  The  time  and  place  of  this  first  meeting 
shall  be  designated  by  the  Permanent  Secretary.  Unless  otherwise  agreed 
upon,  regular  meetings  of  the  Committee  shall  be  held  in  the  com- 
mittee room  at  9  o'clock,  a.m.,  on  each  day  of  the  meeting  of  the  Asso- 
ciation. Special  meetings  of  the  Committee  may  be  called  at  any  time 
by  the  President.  The  Standing  Committee  shall  be  the  board  of  super- 
vision of  the  Association,  and  no  business  shall  be  transacted  by  the 
Association  that  has  not  first  been  referred  to,  or  originated  with,  the 
Committee.  The  special  business  of  the  Committee  shall  be  :  to  receive 
and  assign  papers  to  the  respective  sections;  to  examine  and,  if  neces- 
sary, to  exclude  papers ;  to  decide  which  papers,  discussions  and  other 
proceedings  shall  be  published,  and  to  have  the  general  direction  of 
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the  publications  of  the  Association;  to  manage  the  financial  affairs  of  the 
Association ;  to  arrange  the  business  and  programmes  for  general  ses- 
sions; to  appoint  general  sessions  for  the  evening;  to  suggest  subjects 
for  discussion,  investigation  or  reports ;  to  nominate  members  and 
fellows;  to  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  general  session  of  the  Association. 

Akt.  18.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  four  members  or  fellows  elected  by  each  of  the 
sections.  It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec- 
ommend the  time  and  place  for  the  next  meeting.  The  Vice  Presidents 
and  Secretaries  of  the  Sections  shall  be  recommended  to  the  Nominating 
Committee  by  sub-committees  consisting  of  the  Vice  Presidents  and 
Secretaries,  and  the  four  persons  elected  by  each  section  under  the  first 
clause  of  this  article. 

Meetings. 

Art.  19.  The  Association  shall  hold  public  meetings  annually,  for  one 
■week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of 
the  Association,  and  the  preliminary  arrangements  for  each  meeting 
shall  be  made  by  the  Local  Committee,  in  conjunction  with  the  Perma- 
nent Secretary  and  such  other  persons  as  the  Standing  Committee  may 
designate. 

Art.  20.  General  Sessions  shall  be  held  at  10  o'clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  and  Subsections. 

Art.  21.  The  Association  shall  be  divided  into  two  Sections,  namely: 
A  (Mathematics,  Astronomy,  Plvjsics,  Chemistry  and  Mineralogy)  and  B 
(Geology,  Zoology,  Botany  and  Anthropology).  Either  Section  may,  at 
its  pleasure,  form  temporary  or  permanent  subsections  for  the  reading  of 
papers. 

Art.  22.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the 
Vice  President  and  Secretary,  and  the  Chairman  and  Secretary  of  the 
subsections,  shall  form  its   Sectional  Committee.     The   Sectional  Com- 
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mlttt-rs  iHliall  have  power  to  fill  vacancies  in  their  own  numbers.     There 
shall  be  no  sectional  meeting  during  a  general  session. 

AiiT.  L':5.  When  any  Sultsection  organizes,  it  sliall  elect  a  Chairman  and 
Secretary  ami  nporl  tlie  result  to  the  Secretary'  of  its  Section.  The  Sec- 
retary of  a  Subsection  shall,  at  the  close  of  the  meeting,  transmit  his 
records  to  tiic  Secretary  of  the  Section.  Any  Permanent  Subsection  may 
elect  its  Chairman  for  tiie  ensuing  meeting. 

Akt.  24.  Xo  paper  shall  be  read  in  any  Section  or  Subsection  until  it  has 
been  placed  on  the  programme  of  the  day  by  the  Sectional  Committees. 

SiXTIONAL    COM.MITTEEa. 

Art.  '2o.  Tiie  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  sections.  They  shall  prepare  the  daily  pro- 
grammes and  give  them  to  the  Permanent  Secretary  lor  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  in  the  programme  for  the  day  without  the 
consent  of  the  Sectional  Committee.  The  Sectional  Committees  may  re- 
fuse to  place  the  title  of  any  paper  on  the  programme ;  but  every  such 
title,  with  the  abstract  of  the  paper  or  the  paper  itself  must  be  returned 
to  the  Standing  Committee  with  the  reasons  why  it  was  refused. 

AuT.  2G.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association ; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  from  the  abstract  submitted. 

Papers  and  Communications. 

Art.  27.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  tlie  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  28.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  bottom  of  the  list. 
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Repouts  of  Meetings. 
Art.  29.   "Whenever  practicable,  the  proceedings  and  discussions  at 
general  sessions,  sections  and  subsections  shall  be  reported  hy  profes- 
sional reporters,  but  such  reports  shall  not  appear  in  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  secretaries. 

Printed  Proceedings. 

Art.  30.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  in  an  octavo  volume  as  soon  after  the  meeting  as  possible, 
beginning  one  mouth  after  adjournment.  Authors  must  prepare  their 
papers  ready  for  the  press  and  forward  them  to  the  Permanent  Secretary 
within  this  interval,  otherwise  only  the  abstracts  or  titles  will  appear  in 
the  printed  volumes.  The  Standing  Committee  shall  have  power  to  print 
an  abstract  only  of  any  paper.  Whenever  practicable,  proofs  shall  be 
forwarded  to  authors  for  revision.  If  any  additions  or  substantial  alter- 
ations arc  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated.  Illustrations  must  be 
provided  for  by  the  authors  of  the  papers,  or  by  a  special  appropriation 
from  the  Standing  Committee.  Immediately  on  publication  of  the  volume, 
a  copy  shall  be  forwarded  to  every  member  and  fellow  of  the  Association 
who  shall  have  paid  the  assessment  for  the  meeting  to  which  it  relates, 
and  it  shall  also  be  offered  for  sale  by  the  Permanent  Secretary  at  such 
price  as  may  be  determined  by  the  Standing  Committee.  The  Standing 
Committee  shall  also  designate  the  institutions  to  which  copies  shall  be 
distributed. 

Local  Committee. 

Art.  31.  The  Local  Committee  shall  consist  of  persons  interested  in 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  officers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  32.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
same  printed  and  shall  furnish  a  copy  to  any  member  or  fellow  on  appli- 
cation.    Members  and  fellows  who  have  paid  their  assessments  in  full 
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bhiiW  be  allowed  to  call  for  books  and  pamphlets,  wliicii  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  free  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  All  books  and  pam- 
phlets in  circulation  must  be  returned  at  each  meeting,  or  the  value  of 
any  not  so  returned  paid  to  the  Permanent  Secretary.  Not  more  than 
ten  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  sliall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
from  circulation  by  order  of  the  Standing  Committee. 

Admission  Fee  and  Assessments. 

Art.  33.  The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  any  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Akt.  34.  The  annual  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Aht.  35.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  be  exempt  fi-om  all  furtiier 
assessments,  but  this  payment  shall  not  entitle  him  to  the  publications  of 
the  Association,  and  all  money  thus  received  shall  be  invested  as  a  per- 
manent fund,  the  income  of  which  shall  be  used  only  to  assist  in  original 
research. 

Akt.  3G.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 
Art.  37.     The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually,  by  two  auditors  appointed  by  the  Stand- 
ing Committee. 

Alterations  of  the  Constitution. 
Art.  38.     No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence   of  three-fourths   of  the  members  and  fellows 
present  in  general  session,  after  notice  given  at  a  general  session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS 


ORGANIZING  A  MEETING 


1.  The  retiring  President  introduces  the  President  elect,  who  takes  the 

chair. 

2.  Formalities  of  welcome  of  the  Association  as  may  be  arranged  by 

the  Local  Committee. 

3.  Report  of  the  list  of  papers  on  the  register  and  their  reference  to 

the  Sections. 

4.  Other  reports. 

5.  Announcements  of  arrangements  by  the  Local  Committee. 

6.  Elections  to  complete  the  Standing  Committee. 

7.  Election  of  members. 

8.  Election  of  fellows. 

9.  Unenumerated  business. 

10.    Adjournment  to  meet  in  Sections. 

This  order,  so  far  as  applicable,  to  be  followed  in  snbsequent  General 

Sessions. 
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M  E  M 13  E  R  S 

OF  THE 

AMERICAN    ASSOCIATION 

FOU  THE 

ADVANCEMENT  OF  SCIENCE/ 


PATRON  .' 
Thompson,  Mrs.  Elizabeth,  Stamford,  Conn.  (22).     (Entitled  to  Annual 
volume.) 

LIFE   MEMBERS.' 
Case,  Leonard,  Cleveland,  Ohio  (15). 
Elwyn,  Alfred  L.,  PhihuK-lphiiU  Pa.  (1). 

Harkness,  Prof.  Wm.,  U.  S.  N.,  U.  S.  Observatory,  Washington,  D.  C.  (26). 
Lj'uian,  Beiij.  Smith,  care  Smith,  Archer  &  Co.,  Yokohama,  Japan  (15). 
Robertson.  Thomas  D.,  Rockford,  111.  (10). 

Stephens,  "W.  Hudson,  Lovvville,  N.  Y.  (18).     (Entitled  to  annual  volume.) 
Vaux,  William    S.,  1702   Arch    St.,  Philadelphia,    Pa.  (1).     (Entitled  to 

annual  volume.) 
Warner,  James  D.,  190  Baltic  St.,  Brooklyn,  N.  Y.  (18). 

MEMBERS  . 

Abbe,  George  W.,  32  East  20th  St.,  New  York  (23). 

Abbott,  Mi^^s  Elizabeth  O.,  10  Clark  St.,  Cincinnati,  Ohio  (20). 

Acheson,  Edward  G.  (25). 

Adcock,  Prof.  Robert  J.,  Monmouth,  Warren  Co.,  111.  (21). 

Aikin,  Prof.  W.  E.  A.,  Baltimore,  Md.  (12). 

Ainsworth,  Frank  B.,  Sup't  Ind.  House  of  Refuge,  Plainfield,  Ind.  (20). 

>The  numbers  in  parentheses  indicate  the  meeting  at  which  the  member  was  elected. 
The  Co^f^titution  requires  that  the  names  of  all  members  two  or  more  years  in  arrears 
shall  be  omitted  from  the  list,  but  their  names  will  be  restored  on  payment  of  ar- 
rcaraj;es.    -Members  not  in  arrears  are  entitled  to  the  annual  volume  of  Proceedings. 

■■'  Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed 
as  Patrons,  are  exempt  fi-om  the  annual  assessments  and  are  entitled  to  the  annual 
Volume. 

2  Any  Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars. 
The  money  derived  from  Life  Membership  is  invested  as  a  fund,  the  income  of  which 
is  to  be  used  only  to  aid  in  original  I'esearch.  Life  Members  are  exempt  from  the 
annual  assessment,  and  an  additional  payment  often  dollars  entitles  a  Life  Member  to 
the  annual  volume. 
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Albert,  Augustus  J.,  Baltimore.  Md.  (12). 
Alexander,  Prof.  Stephen,  Princeton,  N.  J.  (1). 
Alien,  H.  R.,  Indianapolis,  Ind.  (24). 
Allen,  J.  M.,  Hartford,  Conn.  (22). 
Allen,  Stephen  M..  28  State  St.,  Boston,  Mass.  (23). 
Ammen,  Daniel,  Cnimodore  U.  S.  Navy,  Washington,  D.  C.  (20). 
Arinsby,  Henry  P.,  Box  48,  New  Haven,  Conn.  (23). 

Armstrong.  Rev.  John  \y.,  D.D.,  State  Normal  School,  Fredonia,  N.  \  .  (24). 
Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Atchison,  Prof.  Thos.  A.,  University  of  Nashville,  Nashville,  Tenn.   (26). 
Atkinson,  Jno.  B.,  Earlington,  Hopkins  Co.,  Ky.  (26). 
Atwater,  Mrs.  Samuel  T.,  IGG  ^Yashington  St.,  Chicago,  111.  (17). 
Atwell   W  H.,  Care  Atwell  and  Sneed,  Nashville,  Tenn.  (26). 
Austen,  Peter  T.,  Ph.  D.,  Rutger's  College,  Lock  Box  No.  2,  New  Bruns- 
wick, N.  J.  (26). 
Austin,  Mrs.  E.  P.,  Cambridge,  Mass.  (24). 

Babbitt,  Henrv  S.,  M.  D.,  Columbus,  Ohio  (23). 

Babcock,  Prof.  Samuel  S.,  Mt.  Clemens,  Macomb  Co.,  Mich.  (24). 

Bailey,  E.  H.  S.,  Bethlehem,  Pa.  (25). 

Baird,  .MexamU-r  J.,  D.D.,  Nashville,  Tenn.  (26). 

Baker,  Prof.  Arthur  L.,  Lafayette  College.  Easton,  Pa.  (24). 

Baker,  Prof.  T.  R.,  Millersville,  Lancaster  Co.,  Pa.  (22). 

Balch,  David  M.,  Salem,  Mass.  (22). 

Bandelier,  Ad.  F.,  Highlands,  HI.  (25). 

Barber,  Edwin  A.,  Westchester,  Chester  Co., Pa.  (25). 

Barnard,  Jas.  M.,  Boston,  Mass.  (18). 

Barnard,  Win.  Stebbins,  Canton,  111.  (24). 

Barnard,  Edward  E.,  Nashville,  Tenn.  (26). 

Barnett,  Prof.  Samuel,  jr.,  Washington,  Wilkes  Co.,  Ga.  (26). 

Barry,   Sir  Redmond,  President  Public  Library  of  Melbourne,  Victoria, 

Australia  (25). 
Bassett,  George  W.,  M.D.,  Vandalia,  111.  (20). 
Bassnett,  Thomas,  Jacksonville,  Fla.  (8). 
Bassnett,  Mr.s.  Thomas,  Jacksonville,  Fla.  (24). 
Bastian,  Dr.  David  I.,  Clinton,  Worcester  Co.,  Mass.  (25). 
Bate,  Gen.  Wm.  Brimage,  Nashville,  Tenn.  (26). 
Batterson,  J.  G..  Hartford,  Conn.  (23). 
Bausch,  Edward,  Rochester,  N.  Y.  (26). 
Beach,  Charles  M.,  Merchant,  Hartford,  Conn.  (23). 
Beach',  J.  Watson,  Merchant,  Hartford,  Conn.  (23). 
Beach,  William  IL,  Beloit,  Wis.  (21). 

Beal,  Prof.  Wm.  James,  Agricultural  College,  Lansing,  Mich.  (24). 
Becker,  Hon.  Philip,  Buffalo,  N.  Y.  (25). 

Bell.  Prof.  Alex.  Graham,  Boston  University,  Boston,  Mass.  (26). 
^     BelL  John  J.,  Exeter,  N.  H.  (22).  .,   ^  ^  ,     ^^  ^^    .o-n 

Bemis,  Hon.  A.  S.,  President  of  the  Common  Council,  Buffalo,  N.  \  .  (20). 
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llciij:imin,  E.  B.,  10  Barclay  St.,  New  York  (19). 

livhscls,  Dr.  Kiiiil,  Smitlisoiiiaii  Iiistilulion,  Wa.sliiiii,'ton.  1).  C.  (2G). 

lU'SScy,  Prof.  C.  K.,  Agricultural  ColU-;;e,  Ames,  Iowa  (21). 

Hickmore.  Prof.  Albert  S.,  Am.  Mu.s.  of  Nut.  Mist.,  Central  I'ark,  N.  Y.  (17). 

IMll.Clmrles,  Sprlii^'lleld,  Mas.s.  (17). 

lilackham,  Dr.  George  K.,  Dunkirk,  N.  Y.  (2.">). 

Ulair,  Henry  Wayne,  U.  S.  Coast  Survey,  Lexington,  Va.  (2(1). 
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Nelson,  Prof.  Edward  T.,  Delaware,  Delaware  Co.,  O.  (24). 

Newberry.  Prof.  J.  S.,  Cleveland,  Ohio,  and  Columbia  Coll.,  New  York  (5). 

Ncwcomb,  Prof.  Simon,  U.  S.  Naval  Observatory,  Washington,  D.  C.  (13). 

Newton,  Hubert  A.,  New  Haven,  Conn.  (6). 

Nichols,  Prof.  W.  R.,  Mass.  Inst.  Technology,  Boston,  Mass.  (18). 

Niles,  Prof.  W.  H.,  Cambridge,  Mass.  (16). 

Nipher,  Prof.  F.  E.,  Washington  University,  St.  Louis,  Mo.  (24). 

Norton,  Prof.  W.  A.,  New  Haven,  Conn.  (G). 


Oliver,  Prof.  James  E.,  CorneU  University,  Ithaca,  N.  Y.  (7). 

Oliver,  Miss  Mary  E.,  Cascadilla  Hotel,  Ithaca,  N.  Y.  (20). 

Oiton,  Prof.  Edward,  President  Ohio  Agricultural  and  Mechanical  College, 

Columbus,  Ohio  (19). 
Osborne,  John  W.,  212  Delaware  Ave.,  N.  E.,  Washington,  D.  C.  (22). 
Osten  Sacken,  Baron  R.,  Newport,  R.  I.  (10). 
Owen,  Dr.  Richard,  Indiana  State  University,  Blooraingtou,  lud.  (20). 

Paine,  Cyrus  F.,  Rochester,  N.  Y.  (12). 

Paine,  Nathaniel,  Worcester,  Mass.  (18). 

Palfray,  Hon.  Charles  W.,  Salem,  Mass.  (21). 

Parkhurst,  Henry  M.,  Law  Stenographer,  33  Park  Row,  New  York  (23). 

Parry,  Dr.  Charles  C,  Davenport,  Iowa  (G). 

Peckham,  S.  F.,  University  of  Minnesota,  Minneapolis,  Minn.  (18). 

Pedrick,  Wm.  R.,  Lawrence,  Mass.  (22). 

Peirce,  B.  O.,  413  Broadway,  Cambridge,  Mass.  (18). 

Perkins,  Maurice,  Schenectady,  N.  Y.  (15). 

Pettee,  Prof.  William  H.,  Ann  Arbor,  Mich.  (24). 

Phippen,  Geo.  D.,  Salem,  Mass.  (18). 

Pickering,  Prof.  Edw.  C,  Director  of  Observatory,  Cambridge,  Mass.  (18). 
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Pourtales,  L.  F.,  Keeper  Museum  Comp.  Zoolog)',  Cambridge,  Mass.  (1). 

rowell,  Major  J.  W.,  910  M  St.,  Washington,  D.  C.  (23). 

Prescott,  Prof.  Albert  B.,  Ann  Arbor,  Mich.  (23). 

Prime,  Prof.  Frederick,  jr.,  Lafayette  College,  Fasten,  Pa.  (24). 

Pumpclly,  Prof.  Raphael,  Owego,  Tioga  County,  N.  Y.  (17). 

Putnam,  F.  "W.,  Curator  Pcabody  Museum   Archaeology  and  Ethnology, 

Cambridge,  Mass.     Address   as  Permanent  Secretary,  A.  A.  A.    S., 

Salem,  Mass.  (10). 
Pyuchon,  Rev.  Thomas  K.,  Pres't  of  Trinity  College,  Hartford,  Conn.  (23). 

Quimby,  Prof.  E.  T.,  Hanover,  X.  II.  (22). 

Quincy,  Edmund,  85  Clinton  St.,  Boston,  Mass.  (11). 


Raymond,  Rossiter  "W.,  17  Burling  Slip,  New  York  (15). 

Redfield,  John  II.,  care  A.  Whitney  and  Sons,  Philadelphia,  Pa.  (1). 

Remsen,  Prof.  Ira,  Cathedral  St.,  Baltimore,  Md.  (22). 

Rice,  Prof.  Wm.  North,  Middlctown,  Conn.  (18). 

Richards,  Prof.  Robert  II.,  Mass.  Inst.  Tech.,  Boston,  Mass.  (22). 

Riley,  Prof.  C.  V.,  U.  S.  Entomologist,  Washington,  D.  C.  (17). 

Ritchie,  E.  S.,  150  Tremont  St.,  Boston,  Mass.  (10). 

Rockwell,  Joseph  P.,  Crcston,  Iowa  (17). 

Rockwood,  Prof.  Charles  0.,  jr.,  Princeton,  N.  J.  (20). 

Roepper,  Charles  W.,  Bethlehem,  Pa.  (23). 

Rogers,  Fairman,  202  West  Kittenhouse  Square,  Philadelphia,  Pa.  (11). 

Rogers,  Prof.  Robert  E.,  University  of  Penn.,  Philadelphia,  Pa.  (18). 

Rogers,  W.  A.,  Ass't  Harvard  Coll.  Observatory,  Cambridge,  Mass.  (15). 

Rogers,  Prof.  William  B.,  117  Marlborough  St.,  Boston,  Mass.  (1). 

Rood,  Prof.  O.  N.,  New  York  (U). 

Roosevelt,  Clinton,  11  Wall  St.,  New  York  (11). 

Runkle,  Prof.  J.  D.,  President  Institute  of  Technology,  Boston,  Mass.  (2). 

Rutherford,  Lewis  M.,  175  Second  Ave.,  New  York  (13). 


Sadtler,  Prof.  Samuel  P.,  University  of  Penn.,  Philadelphia,  Pa.  (22). 

Safford,  Dr.  James  M.,  Nashville,  Tenn.  (G). 

Saunders,  William,  London,  Ontario,  Canada  (17). 

Saville,  Dr.  John  J.,  Sioux  City,  Iowa  (22). 

Schott,  Charles  A.,  Coast  Survey  Office,  Washington,  D.  C.  (8). 

Schweitzer,  Prof.  Paul,  State  University  of  Mo.,  Columbia,  Mo.  (24). 

Scudder,  Samuel  H.,  Cambridge,  Mass.  (13). 

Seaman,  Wm.  H.,  Microscopist,  Agric.  Dep't,  Washington,  D.  C.  (23). 

Shaler,  Prof.  N.  S.,  Cambridge,  Mass.  (19). 

Sias,  Solomon,  M.D.,  Schoharie.  Schoharie  Co.,  N.  Y.  (10). 

Sill,  Hon.  Eli.sha  N.,  Cuyahoga  Falls,  Ohio  ((J). 

Silliman,  Prof.  Benjamin,  Yale  College,  New  Haven,  Conn.  (1). 

Silliman,  Prof.  Justus  M.,  Lafayette  College,  Easton,  Pa.  (19). 
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Smith,  Prof.  Kngono  A.,  University  of  Alahaiiia,  Tuscaloosa,  Ala.  (20). 

Smilli,  Dr.  J.  Lawrence,  Louisvilk',  Ky.  (1). 

Smith,  Prof.  S.  I.,  Yale  College,  New  Haven,  Conn.  (18). 

Spencer,  John  W.,  Teacher  and  Geologist,  Taxton,  Sullivan  Co.,  Ind.  (20). 

Stanurd.  Benjamin  A.,  Cleveland,  Ohio  (0). 

Stearns,  Henry  P.,  M.l).,  Hartford,  Conn.  (23). 

Stearns,  R.  E.  C,  P.  O.  Box  13,  Berkeley,  Cal.  (18). 

Steiner,  Dr.  Lewis  H.,  Frederick  City,  Md.  (7). 

Stephens,  W.  Hudson,  Lowville,  N.  Y.  (18).     Life  Member. 

Stockwell,  John  N.,  679  Case  Avenue,  Cleveland,  Ohio  (18). 

Stone,  Mrs.  Leander,  1571  Indiana  Avenue,  Clncago,  HI.  (22). 

Stone,   Ormond,  Director  Cincinnati   Oljservatory,  Univ.  of  Cincinnati, 

Mt.  Lookout,  Ohio  (24). 
Storrs,  Henry  E.,  Jacksonville,  HI.  (20). 
Stuart,  Prof.  A.  P.  S.,  Lincoln,  Nebraska  (21). 
Swallow,  Prof.  G.  C,  Columbia,  Mo.  (10). 


Tappau,  Prof.  Eli  T.,  Kenyon  College,  Gambier,  Ohio  (20). 

Terry,  Prof.  Nathaniel  M.,  U.  S.  Naval  Academy,  Annapolis,  Md.  (23). 

Thompson,  A.  Eemseii,  50  "West  51st  Street,  New  York  (1). 

Thurston,  Prof.  IJobert  H.,  Stevens  Institute,  Hoboken.  N.  J.  (23). 

Toner,  Joseph  M.,  M.D.,  G15  Louisiana  Ave.,  Washington,  D.  C.  (23). 

Trowbridge,  Prof.  John,  Cambridge,  Mass.  (25). 

Trowbridge,  Prof.  W.  P.,  New  Haven,  Conn.  (10). 

Turnbull,  Laurence,  M.D.,  1208  Spruce  St.,  Philadelphia,  Pa.  (10). 

Tuttle,  Prof.  Albert  H.,  Columbus,  Ohio  (17). 


Uhler,  Philip  E.,  Baltimore,  Md.  (19). 


Van  der  "Weyde,  Dr.  P.  H.,  P.  O.  Box  4379,  New  York  (17). 

Van  Vleck,  Prof.  John  M.,  Middletown,  Conn.  (23). 

Vaux,  William  S.,  1702  Arch  St.,  Philadelphia,  Pa.  (1).     Life  Member. 

Verrill,  Prof.  A.  E.,  Yale  College,  New  Haven,  Conn.  (16). 

Vose,  Prof.  George  L.,  Bowdoin  College,  Brunswick,  Me.  (15). 


"Wadsworth,    M.   Edward,   Assistant    in  Geology,  Harvard    University, 

42  Langdon  St.,  Cambridge,  Mass.  (23). 
Walker,  Prof.  Joseph  B.,  care  Bank  of  Kentucky,  Louisville,  Ky.  (20). 
Walker,   Prof.    J.  R.,  Napoleon  Ave.,  cor.  Coliseum  St.,  New  Orleans, 

La.  (19). 
Waller,  Elwyn,  School  of  Mines.  Columbia  College,  New  York  (23). 
Walling,  H.  F.,  102  Chauncey  St.,  Boston,  Mass.  (16). 
Ward,  Prof.  Henry  A.,  Rochester,  N.  Y.  (13). 
Ward,  Henry  D.  A.,  Meteorologist,  Middletown,  Conn.  (28). 
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Ward,  Dr.  Jl.  II.,  53  Fourth  St.,  Troy,  N.  Y.   (17). 

"Warner,  Jiinies  D.,  199  Baltic  St.,  Brooklyn,  N.  Y.   (18).     Life  Member. 

Warren,  Gen.  G.  K.,  U.  S.  A.,  Engineer's  Office,  Newport,  R.  I.  (12). 

Warren,  Prof.  S.  Edward,  Newton,  Mass.   (17). 

Watson,  Sercno,  Botanic  Gardens,  Cambridge,  Mass.   (22). 

Webster,  Prof.  Nathan  B.,  Principal  Webster  lust.,  Norfolk,  Va.  (7). 

Wells,  Daniel  H.,  Hartford.  Conn.  (18). 

Westcott,  O.  S.,  Racine,  Wis.   (21). 

AVheatland,  Dr.  Henry,  President  Essex  Institute,  Salem,  Mass.  (1). 

Wiieatley-  Charles  M.,  Phoenixville,  Pa.   (1). 

Wheildon,  W.  W.,  Concord,  Ma.ss.   (13). 

White,  Prof.  C.  A.,  P.  O.  Box  806,  Washington,  D.  C.   (17). 

AVhitlleld,  R.  P.,  173  Elm  St.,  Albany,  N.  Y.   (18). 

Whitney,  Solon  F.,  Watertown,  Mass.   (20). 

Wiiittlesey,  Col.  Charles,  Cleveland,  Ohio  (1). 

Wilbur,  G.  M.,  Pine  Plains,  N.  Y.   (19). 

Wilbur,  A.  B.,  Port  Jervis,  Orange  Co.,  N.  Y.  (23). 

Wilder,  Prof.  Burt  G.,  Cornell  University,  Ithaca,  N.  Y.  (22). 

Wiley,  Prof.  Harvey  W.,  Purdue  University,  La  Fayette,  Ind.  (21). 

Williams,  Charles  II.,  M.  D.,  15  Arlington  St.,  Boston,  Mass.  (22). 

Williams,  Prof.  Henry  W.,  15  Arlington  St.,  Boston,  Mass.  (11). 

Wilson,  Prof.  Daniel,  117  Bloor  St.,  Toronto,  Canada  (25). 

Winchell,  Prof.  Alex.,  Ann  Arbor,  Mich.  (3). 

Winchell,  Prof.  N.  H.,  University  of  Minnesota,  Minneapolis,  Minn.  (19). 

Witter,  F.  M.,  Muscatine,  Iowa  (21). 

Worthen,  A.  H.,  Warsaw,  111.  (5). 

Wright,  Prof.  Arthur  W.,  Yale  College,  New  Haven,  Conn.  (14). 

Wiirtele,  Rev.  Louis  C,  Acton  Vale,  Province  of  Quebec,  Canada  East  (11). 

Wyckoff,  Wm.  C,  Tribune  Office,  New  York  (20). 

Wylie,  Prof.  Theophilus  A.,  Indiana  University,  Bloomington,  Ind.  (20). 


Yarrow,  Dr.  H.  C,  care  Army  Medical  Museum,  Washington,  D.  C.  (23). 
Youmans,  Prof.  Edward  L.,  New  York  (6). 

Young,   C   A.,  Prof,  of  Astronomy,  College  of  New  Jersey,  Princeton, 
New  Jersey  (18). 

[356  Fellows.] 

Total  mniBEB  of  Members  of  thb  association,  963. 
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NASHVILLE   MEETING 


Two  hundred  and  nineteen  members  were  elected  at  the  Nashville 
Meeting.  Of  these  one  hundred  and  flfty-sevcn  have  paid  the  admission 
fee  and  assessments  for  the  meeting,  and  their  names  have  been  incorpo- 
rated-in  the  list  of  Members.  Seven  have  declined,  one  has  died  since 
the  meeting,  and  the  fifty-four  following  have  not  yet  perfected  their 
membership: 

Andrews,  George,  Knoxville,  Tenn. 

Atchison,  William  A.,  Nashville,  Tenn. 

Beal,  William.  Murphy,  N.  C. 

Beckett,  Kev.  George,  Columbia,  Tenn. 

Blackman,  A.  L.,  Nashville,  Tenn. 

Chamberlain,  H.  S.,  Chattanooga,  Tenn. 

Charbonier,  L.  H.,  Athens,  Ga. 

Cheatham,  William  A.,  M.  D.,  Nashville,  Tenn. 

Ciiiigman,  Gen.  Thomas  K.,  Asheville,  N.  C. 

Cole,  E.  W.,  Nashville,  Tenn. 

Cornwall,  George  R.,  E.  M.,  Ducktown,  Tenn. 

Cross,  George  W.,  Franklin,  Tenn. 

Draper,  Dr.  Henry,  New  York. 

Eaton,  Lucien  B.,  Memphis,  Tenn. 

Frisby,  Prof.  Edgar,  Washington,  D.  C. 

Glenn,  Prof.  William  Frank,  M.  D.,  Nashville,  Tenn. 

Hambacli,  Dr.  G.,  St.  Louis,  Mo. 

Hamby,  William  R.,  Nashville,  Tenn. 

Hilder,  F.  F.,  St.  Louis,  Mo. 

Howell,  Morton  B.,  Nashville,  Tenn. 

James,  Hon.  Elbert  A.,  Chattanooga,  Tenn. 

Jenney,  Walter  B.,  E.  M.,  New  York. 

Jones,  Edward  S.,  Nashville,  Tenn. 

Kelley,  David  C,  M.  D.,  Nashville,  Tenn. 

Lindsley.  Stuart,  E.  M.,  Ducktown,  Tenn. 

Martin,  Rev.  Carlisle  P.  B.,  College  Station,  Texas. 
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McConncll,  JoJin  B.,  M.  D..  Nashville,  Tenn. 

McGavock,  Jacob,  Nasiiville,  Tenn. 

Meiiees,  Prof.  Thomas,  Nashville,  Tenn. 

Michels,  John,  New  York. 

Moore,  Gideon  E.,  Ph.  D.,  Jersey  City,  N.  J. 

Nichoi,  William  L.,  M.  D.,  Nashville,  Tenn. 

Peck,  W.  L.,  M.  D.,  Indianapolis,  Ind. 

Porter,  Hon.  James  D.,  Paris,  Tenn. 

Reese,  Prof.  William  B  ,  Nashville,  Tenn. 

Robertson,  D.  A.,  St.  Paul,  Minn. 

Rodgers,  Rear  Atirairal  John,  U.  S.  N.,  Washington,  D.  C 

Schley,  William  S.,  Atlanta,  Ga. 

Selden,  Samuel,  M.  D.,  Norfolk,  Va. 

Shaler,  Mrs.  N.  S.,  Cambridge,  Mass. 

Skinner,  Aaron,  Washington,  D.  C. 

Sweeny,  R.  Ormsby,  St.  Paul,  Minn. 

Thach,  Charles  C,  Hopkinsville,  Ky. 

Thornton,  Prof.  E.  Q.,  Auburn,  Ala. 

Tichenor,  Dr.  J.  E.,  Auburn,  Ala. 

Treat,  Mrs.  Mary  B.,  Vineland,  N.  J. 

Tutwiler,  Miss  Julia,  Tuscaloosa,  Ala. 

Wells,  James  S.  C,  Ph.  B.,  New  York. 

Wetherbee,  Albert  G.,  Cincinnati,  0. 

White,  Prof.  H.  C,  Athens,  Ga. 

Wight,  Hon.  E.  M.,  M.  D.,  Chattanooga,  Tenn. 

Williamson,  George  W.,  M.  D.,  Nashville,  Tenn* 

Williston,  S.  W.,  New  Haven,  Conn. 

Wright,  B.  F.,  St.  Paul,  Minn. 


DECEASED   MEMBERS. 


[Information  rcFpcctinR  oralssions  In  this  list,  and  tho  date  of  birth  and  of  decease 
of  any  of  tlio  loiiner  members,  is  requested  by  the  Fermanent  Secretary.] 

Ab»  rt,  J.  J.,  Wasliington,  1).  C  (1). 
Adimis,  C.  H..  AiiiluTst,  Mass.  (1). 
A<l:ims,  Kilwlii  l-\,  Cliarlcstown,  Mass.  (18). 
.\(iams,  Saiiuiel.  JacksoiivilU',  111.  (18). 
Airassiz,  Louis,  Cainlnid^ic,  Mass.  (1). 
Aiusworth.  J.  G.,  Barry,  Mass.  (U). 
All>t()i),  U.  F.  W..  Gforf^otowii,  S.  C.  (3). 
Amhony,  Charles  II  ,  Albany,  N.  Y.  (6). 
Ames.  N.  P.,  Sprinu'tiolil.  Mass.  (1). 
Appktoii,  Nathan,  Boston,  Mass.  (1). 
Baclu',  AlexancU-r  1).,  Washington,  D.  C.  (1). 
Baflu',  Franklin,  Philadt'lphia,  Pa.  (1). 
I'.Mih'v,  J.  W.,  W.'St  Point,  N.  Y.  (1). 
Barrett,  Moses,  Milwaukee,  Wis.  (21). 
Beck,C.  F.,  Philadelphia,  Pa.  (1). 
Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1). 
Beck,  T.  Ronieyn,  Albany, N.  Y.  (1). 
Uenediet.  G.  W.,  Burlington,  Vt.  (16). 
Bicknell,  Edwin,  Boston,  Mass.  (18). 
Binney,  Amos,  Boston,  Mass.  (1). 
Binney,  John,  Boston,  Mass.  (3). 
Blandinu:,  William,  R.  I.  (1). 
Blatehtord.  Thomas  W.,  Troy,  N.  Y.  (G). 
Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19). 
Bouiford,  George,  Washington,  I).  C.  (1). 
Bradley,  Leverette,  Jersey  City,  N.  J.  (15). 
Braithwaite,  Jos.,  Chambly.  C.  W.  (11). 
Brown,  Andrew,  Natchez,  Miss.  (I). 
Burnap,  G.  W.,  Baltimore,  Md.  (12). 
Burnett,  Waldo  I.,  Boston,  Mass.  (1). 
Butler,  Thomas  B.,  Norwalk,  Conn.  (10). 
Carpenter,  Thornton.  Camilen,  S.  C  (7). 
Carpenter,  William  M.,  New  Orleans,  La.  (1). 
Case,  William,  Cleveland,  Ohio  (6). 
Caswell,  Alexis,  Providence,  R.  I.  (2). 
Chapman,  N.,  Philadeli)liia.  Pa.  (1). 
Chase,  S..  Dartmouth,  N.  H.  (2). 
Chauvenet,  William,  St.  Louis,  Mo.  (1). 
Clapp,  Asahel,  New  Albanv.  Ind.  (1). 
Clark,  H.  J.,  Cambridge,  Mass.  (13). 
Clark,  Joseph,  Cincinnati.  Ohio  (.")). 
Clarke,  A.  B.,  Holyoke,  Mass.  (13). 
Cleaveland,  C.  H.,  Cincinnati,  Ohio  (9). 
Cleveland.  A.  B.,  Cambridge,  Mass.  (2). 
Coffin,  .Lames  II.,  Easton.  Pa.  (1). 
Cole,  Thomas,  Salem.  Mass.  (1). 
Coleman,  Henry,  Boston,  Mass.  (1). 
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Conrad.  A.  Timothy,  Pliiladclphia,  Pa.  (1). 

Cooper,  William,  liobokoii,  N.J.  (9). 

Coriiiiij:,  Enistus,  Albany,  N.  Y.  (G). 

CoiiptT,  J.  Hamilton,  Darien,  Ga.  (1). 

Crosby,  A1|i1k'Us,  Salem,  Mass.  (10). 

Crosby.  Thomas  H.,  Hanover,  N.  H.  (18). 

Croswcll,  Edwin,  Albany,  N.  Y.  (6). 

Ciirrv,W.  F.,  Geneva,  N.  Y.  (11). 

Davton,  Edwin  A..  Madrid,  N.  Y.  (7). 

Dean.  Amos,  All)any,  N.  Y.  ((i). 

Dearljorn,  Geori^e  H.  A.  S.,  Roxbury,  Mass.  (1). 

Dek:iy.  James  K.,  New  York  (1). 

DeLaski.  John,  Carver's  Harbor,  Me.  (18). 

Dewev,  Chester,  Rochester,  N.  Y.  (1). 

Dexter,  G.  M..  Boston,  Mass.  (11). 

Dillin'.'ham.  W.  A.  P.,  Anjrnsta,  Me.  (17). 

DoL'i-'ett,  Wm.  E.,  Chicago,  111.  (17). 

Doolittle.  L.,  Lenoxville,  C.  E.  (11). 

Dncatel.  J.  T.,  Baltimore,  Md.  (1). 

Dunield.  Georiie,  Detroit.  Mich.  (10). 

Dnmont,  A.  IL,  Newport,  K.  I.  (14). 

Duncan,  Lucius  C.,  New  Orleans,  La.  (10). 

Dunn,  K.  P.,  Providence,  R.  I.  (14). 

Easton,  Norman,  Fall  Hiver,  Mass.  (14). 

Eaton.  James  II..  Beloif,  Wis.  (17). 

Ely.  Charles  Arthur,  Elyria,  Ohio  (4). 

Emmons,  Ebeiiezer.  Williainstown,  Mass.  (1). 

Eniistrom,  .V.  B.,  Burlington,  N.  J.  (1). 

Everett,  Edward,  Boston,  Mass.  (2). 

Ewing.  Thomas,  Lancaster,  Ohio  (5). 

Ferris,  Isaac,  New  York  (G). 

Feuchtwaniicr,  Lewis,  New  Yorlv  (11). 

Fillmore,  Millard,  Buflalo,  N.  Y.  (7). 

Fisher,  Mark,  Trenton,  N.  J.  (10). 

Fitch,  Alexander,  Hartford,  Conn.  (1). 

Forbush,  E.  B..  Buflalo,  N.  Y.  (15). 

Force,  Peter,  ^Vashinii;ton,  D.  C.   (4). 

Foster,  J.  \V.,  Hyde  Park,  Chicago,  IIL  (1). 

Foucon,  Felix,  Madison,  Wis.  (18). 

Fowle,  Wm.  B.,  Boston,  Mass.  (1). 

Fox,  Charles,  Grosse  He,  Mich.  (7). 

Frazer,  .John  F.,  Philadelphia.  Pa.  (1). 

French.  J.  W.,  West  Point,  N.  Y.  (11). 
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of  such  collecllons,  In  ftccortlance  with  a  previously  arr;ini;;c(l  plan,  could 
not  fall  to  k-ail  to  imporiaiit  results  f»)r  jieolo^jjical  selence.  Tlie  Intkuxa- 
TiDNAi.  KxiliiinioN  to  be  held  at  Tails  in  1K78  will  furuisli  sudi  an  occa- 
sion, and  it  is  proposed  to  Invite  to  that  end  fiovernMienUil  geoloijical 
surveys,  learned  societies  and  private  individuals  thron;;hout  the  world,  to 
send  to  Paris  such  collections  as  will  make  the  geological  department  of 
that  exhibition  as  complete  as  possible. 

In  order  to  lake  advantage  of  the  collections  which  may  thus  be  brought 
together  it  is  moreover  proposed  to  convoke  an  Intkknational  GKoi.oot- 
CAi.  Cosc.KKSs,  to  be  held  at  Paris  at  some  time  during  the  Exliibiliou  of 
1878,  and  to  make  that  Congress  an  occasion  for  considering  many  disputed 
problems  in  Geology. 

In  accordance  with  this  plan  it  is  proposed  that  the  Geological  depart- 
ment of  the  International  Exhibition  of  1878  shall  embrace  : 

I.  Collections  of  crystalline  rocks,  both  crystalline  schists  and  massive  or 
eruptive  rocks,  including  the  so-called  contact-formations  and  tlie  results 
of  the  local  alteration  of  uncrystalline  sediments  by  eruptive  masses. 
In  this  connection  are  to  be  desired  all  examples  of  organic  remains 
found  in  crystalline  rocks,  including  Eozoon  and  related  forms.  These 
collections  should  moreover  comprehend  all  rare  and  unusual  rocks  of 
special  lithological,  mineralogical  and  chemical  interest,  examples  of  ore- 
deposits  and  of  veinstones  of  all  kinds,  with  their  encasing  rocks.  As 
far  as  possible  these  collections  should  be  limited  to  specimens  of  a  size 
convenient  for  examination,  and  be  accompanied  with  sections  prepared 
for  microscopic  study.  In  the  arrangement  of  all  these  materials  regard 
should  be  had  to  their  natural  associations  rather  than  to  theoretical 
notions  or  artificial  classifications,  so  that  they  may  be  studied  not  only 
petrographically  but  geognostically. 

II.  Collections  illustrating  the  fauna  and  the  flora  of  the  paleozoic  and 
more  recent  periods,  particularly  of  such  liorizons  as  present  a  more  criti- 
cal interest  to  paleontologists  Irom  the  first  appearance  or  the  disappear- 
ance of  important  groups  of  organic  forms.  It  has  appeared  to  the 
Committee  named  below  that  the  organic  remains  of  the  Cambrian, 
Taconic  or  so-called  Primordial  strata  merit  especial  attention  in  this 
connection. 

These  various  collections  should  be  explained  as  fully  as  possible  by 
labels,  catalogues,  monographs  and  maps. 

Til.  Collections  of  geological  maps,  and  also  of  sections  and  models, 
especially  such  as  serve  to  illustrate  the  laws  of  mountain-structure. 
In  the  geological  maps  regard  should  be  had  to  various  questions  which 
deserve  the  special  consideration  of  the  Congress,  such  as  the  scales 
best  adapted  for  different  purposes,  the  colors  and  symbols  to  be  used, 
and  the  proper  mode  of  representing  superficial  deposits  conjointly  with 
the  underlying  formations.  A  discussion  of  these  will  prepare  the  way 
for  improved  general  jj^eological  umps  of  the  continents. 
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In  pursuance  of  the  above  j)l:ui  llic  Amkhican  Association  for  the 
AnVANCKMKNT  OK  SciKNCE  cUiriiij;  Us  annual  meeting  at  Buffalo,  under 
the  presidence  of  Prof.  William  15.  Rogers,  unanimously  adopted  the 
following  resolution  on  the  2.">th  of  August,  1876. 

lie.iolred,  that  a  Committee  of  the  Association  be  nppointcil  by  the  Chair  to 
coiit-ider  the  propriety  of  holding  an  International  Congress  of  Geologi.-^ts  at 
Paris  during  the  International  Exhibition  in  1878,  for  the  i)urpo8e  of  getting 
together  comparative  collections.  mai)S  and  sections,  and  for  the  settling  of 
many  obscnre  points  relating  to  geological  classittcation  and  nomenclatnre. 
And  that  to  this  Committee  be  added  our  guests.  Prof.  T.  H.  Ilu.vley  of  Eng- 
land, Ur.  Otto  Torell  of  .Sweden,  and  Dr.  E.  II.  von  Banmliancr  of  the  Nether- 
lands, who  fhall  be  requested  to  open  negotiations  in  Europe  looking  to  a  full 
representation  of  European  geologists  at  the  proposed  Congress.  The  said 
Committee  to  consist  of  Prof.  William  IJ.  Rogers,  Messrs.  James  Hall.  J.  \V. 
Dawson,  J.  S.  Newberry,  T.  Sterry  Hunt,  C.  II.  Hitchcock  and  R.  Punipelly  in 
behalf  of  the  Association,  with  tlie  addition  of  Prof.  T.  H.  Huxley,  Dr.  Otto 
Torell  and  Dr.  E.  H.  von  Baumhauer. 

On  the  same  day,  at  a  meeting  of  the  Committee,  Prof.  James  Hall 
was  elected  Chairman,  and  Dr.  T.  Sterry  Hunt,  Secretary.  It  was  then 
resolved  to  prepare  the  present  circular,  to  be  printed  in  English,  French 
and  German,  and  distributed  to  geologists  throughout  the  world,  asking 
their  cooperation  in  this  great  work  of  an  Intkkxational  Geological 
E.xniiJiTioN  and  an  Intekn.vtional  Geological  Congress  to  be  held  at 
Paris  in  1878;  the  precise  date  of  the  Congress  to  be  subsequently  fixed. 

All  those  interested  in  tiiis  project  are  invited  to  communicate  with  any 
one  of  the  following  members  of  the  Committee  : — 

Prof.  T.  II.  HUXLEY,  London,  England, 
Dr.  otto  torell,  Stockholm,  Sweden, 
Dr.  E.  II.  VON  BAUMHAUER,  Harlem,  Holland, 
Dr.  T.  sterry  HUNT,   Boston,  Mass.,  U.  S.  A. 

Boston,  Massachusetts,  Sept.,  1876. 


The  circular  and  translations  of  it  into  French  and  German 
were  printed,  and  before  the  end  of  the  last  year  had  been  sent 
by  the  Secretary  to  the  principal  scientific  societies  and  academies, 
as  well  as  to  the  workers  in  geology  throughout  the  world.  The 
response  to  this  invitation  has  been  most  gratifying.  The  Geo- 
logical Society  of  France  has  formally  recognized  the  great  import- 
ance of  the  objects  proposed,  and  promised  its  hearty  cooperation, 
while  private  letters  from  its  President  to  the  Secretary  of  the 
Committee,  and  from  Prof.  Hebert  to  Prof.  Hall,  give  cordial 
assurances  of  the  same  kind.  Spanish  and  Italian  geologists  have 
translated  and  published  the  circular  in  their  respective  languages, 
and  have  communicated  to  the  Secretary  their  hearty  approval  of 
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the  plan.  Prof.  Capolliui  has,  in  this  connection,  puhlished  an 
interesting  corres[)onclence,  calling  attention  to  the  fact  that  in 
1874  he  had  laid  the  project  of  a  similar  International  Geological 
Congress,  to  he  held  in  Italy,  before  the  Italian  Minister  of  Agri- 
cnlture.  Industry  and  Commerce. 

The  Geological  Society  of  London,  and  the  Geological  Survey  of 
Great  Britain,  have  also  formally  signified  their  api)roval  of  our 
olijccts,  and  the  cooperation  of  Norway,  Sweden,  Russia  and 
Austria-Hungary  is  promised.  It  is  to  be  regretted  that  Germany 
has  declined  to  take  a  part  in  the  International  Exhiljition  of  1878, 
but  we  trust  that  this  will  not  prevent  her  geologists  from  joining 
in  the  proposed  Congress.  The  director  of  the  Geological  Survey 
of  Japan  promises  to  aid  in  our  work,  and  we  have  the  same 
assurance  from  Brazil,  where  the  circular  has  been  translated  into 
Portuguese.  Chili  and  Mexico  have  also  responded,  and  promise 
an  ample  representation  of  their  geology  at  Paris  next  year,  while 
Canada,  both  through  her  Geological  Survey  and  in  the  person  of 
Dr.  Dawson,  will  probably  be  represented  there. 

The  Government  of  the  United  States  has  as  yet  failed  to  accept 
the  invitation  of  France  to  take  a  part  in  the  Exhibition  of  1878, 
so  that  American  geologists  are  not  certain  that  thev  will  be  al)le  to 
participate  in  the  International  Geological  Exhibition.  AVc  are, 
however,  assured  that  the  Government  is  very  desirous  to  have  our 
country  duly  represented  at  Paris  ;  and  it  is  to  be  hoped  that  at 
the  approaching  extra  session  of  the  Congress  of  the  United  States 
measures  will  be  taken  for  accepting  the  French  invitation,  and  for 
appointing  a  commission,  so  that  our  people  may  secure  a  repre- 
sentation in  Paris.  I  am  assured,  on  all  sides,  that  our  geologists 
desire  to  contribute  largely  to  the  International  Geological  Exhibi- 
tion, and  even  at  this  late  da}'  it  will  be  possible  to  do  much.  In 
any  event,  it  is  probable  that  several  members  of  our  Committee 
will  be  present  at  the  proposed  Geological  Congress.  The  pre- 
cise date  of  this  has  not  yet  been  fixed,  though  your  Secretary 
is  now  in  correspondence  with  the  Secretary  of  the  Geological 
Society  of  France  upon  this  point,  and  believes  that  with  the 
cooperation  of  that  body  a  time  convenient  to  all  will  be  agreed 
upon. 

It  is  recommended  by  the  Standing  Committee  of  the  Asso- 
ciation that  in  addition  to  the  names  of  Prof.  J.  P.  Lesley',  of  Phil- 
adelphia, and   Prof.  A.  C.  Ramsa}^,  director  of  the  Geological 
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Survey  of  Great  Britain  (already  atlded  to  liie  International  Com- 
mittee), the  Presidents,  for  tiie  time  being,  of  the  Geological  Soci- 
eties of  France,  London,  Edinburgh  and  Dublin,  of  Berlin,  of 
Belgium,  Italy,  Spain,  Portugal,  and  the  Imperial  Geological  In- 
stitute of  Vienna  be  invited  to  form  a  part  of  our  commission. 

Respectfully  submitted  on  behalf  of  the  Committee, 

T.  Sterrt  Hdnt,  Secretary. 


Note.  —  Shortly  after  the  presentation  of  the  above  report  the 
Secretary'  received  official  notice  that  the  Geological  Society  of 
France  had,  in  cooperation  with  the  above  plan,  appointed  at  Paris 
a  local  committee  of  organization  for  the  proposed  Congress,  con- 
stituted as  follows: — Ilebert,  president;  Tournouer  and  Albert 
Gaudry,  vice-presidents  ;  Bioche,  treasurer ;  Jannetaz,  secretary- 
general  ;  Delaire,  Sauvage,  Brocchi  and  Velain,  secretaries  ;  with 
the  following,  —  Belgrand,  Bureau,  de  Chancourtois,  G.  Cotteau, 
Damour,  Daubree,  Delafosse,  Delesse,  Descloizeaux,  Desnoyers, 
Frnque,  V.  Gervais,  Gruuer,  De  Lapparent,  Mallard,  Milne-Ed- 
wards, Pellat,  the  Marquis  de  Roys  and  L.  Vaillant,  —  members  of 
the  Committee.  To  these  they  propose  to  add,  with  the  title  of 
foreign  members,  the  names  of  the  International  Committee. 

A  circular  issued  by  this  Committee,  bearing  date  July  31,  in- 
vites all  those  interested  in  geological,  mineralogical  and  i)aleon- 
tological  studies,  to  take  part  in  the  approaching  Congress,  and  to 
subscribe  the  sum  of  ticelve  francs  each,  which  will  give  a  card  of 
admission  to  the  Congress,  and  right  to  all  the  publications  thereof. 
All  those  who  intend  to  be  present  are  at  tlie  same  time  invited  to 
send,  as  soon  as  possible,  a  list  of  the  questions  which  seem  to 
them  worthy  of  general  discussion,  as  well  as  of  the  communica- 
tions which  the}-  propose  to  make  touching  these  questions.  They 
are  also  invited  to  indicate  the  date  which  appears  to  them  the 
most  convenient  for  the  meeting  of  the  Congress. 

As  regards  an  International  Geological  Exhibition,  the  Paris 
committee  of  organization  state  that  the  difficulty  of  finding  a 
suitable  locality  seems  to  them  an  obstacle  in  the  way  of  realizing 
this  part  of  the  programme.  They  hope,  however,  that  there  will 
be  many  special  collections  sent,  and  beg  the  exhibitors  of  such, 
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to  fjive  the  Committee  due  notice  of  these,  in  order  that  a  special 
catnlojjne  of  them  in:iy  be  prepared. 

The  Sccretury  of  the  Inturnatioiial  Committee  desires,  in  this 
connection,  to  call  attention  to  the  fact  that  his  circular  did  not 
contemplate  the  holding  of  an  International  Geological  Exhibition 
apart  from  the  Universal  Exhibition  but,  in  the  language  of  that 
circular,  the  viakinrj  as  complete  as  ]}ossible  the  geological  depart- 
ment of  the  Universal  Exhibition.  It  is  certain  that,  as  at  all  pre- 
vious similar  exhibitions,  the  different  nations  will  contribute 
more  or  loss  of  geological  material,  and  it  was  conceived  that  such 
collections,  extended  and  systematized  in  accordance  with  the 
plan  set  forth  in  the  circular,  would,  while  forming  a  part  of  the 
Universal  exhil)ition,  without  farther  cost,  meet  all  the  require- 
ments of  an  International  Geological  Exhibition.  To  the  accom- 
plishment of  this  end,  it  will  only  be  necessary  for  the  exhibitors 
of  all  nations  to  send  a  list  of  their  geological  contributions  to 
the  local  committee  of  organization  at  Paris. 

All  correspondence  relating  to  the  Congress  should  be  addressed 
to  Dr.  Jannetaz^  secretaire-general,  rue  des  Grands-Augustins,  7, 
Paris,  France;  and  all  moneys  sent  to  Dr.  Bioche,  at  the  same 
address. 

T.  S.  II. 


Report  of  the  Committee  ox  Zoological  Nomenclature  to 
Section  B,  of  the  American  Association  for  the  Advance- 
ment OF  Science,  at  the  Nashville  Meeting,  August  31, 
1877.1 


The  undersigned  was  appointed  at  the  last  meeting  a  committee 
of  one,  to  obtain  an  expression  of  opinion  from  the  working  natu- 
ralists of  America,  in  regard  to  the  nature  of  a  set  of  rules  for 
facilitating  the  decision  of  questions  relating  to  nomenclature, 
and  which  might  he  adopted  or  recommended  by  the  Section. 

In  accordance  with  the  understanding  and  resolutions  of  the 
Section,  by  which  this  duty  devolved  upon  him,  your  Reporter 
prepared  a  circular  which  was  printed  under  the  supervision  of  the 
Permanent  Secretary  and  circulated  by  the  Smithsonian  Institu- 
tion, a  copy  of  which  is  appended  to  this  report. 

The  recently  published  "Naturalists*  Directory"  afforded  the 
addresses  of  nearly  all  the  publishing  naturalists,  in  the  discrim- 
ination of  whom  valuable  aid  was  received  from  Messrs.  Scudder 
and  LeConte. 

The  circular  was  sent  to  all  who,  within  the  last  five  j'ears, 
might  be  included  under  the  designation  of  publishing  naturalists, 
and  of  whom  the  address  could  be  obtained.  This  list  included 
about  eighty-five  names,  from  a  number  of  which  (for  various 
reasons),  a  response  was  hardly  anticipated.  They  were  used, 
however,  in  order  that  the  fullest  opportunity  might  be  afforded  to 
all  those  who  might  desire  to  express  an  opinion. 

The  responses  received  to  date  (Aug.  14,  1877),  are  forty-five 
in  number.  "While  a  few  honored  names,  to  whose  views  all  would 
attribute  due  weight,  are  not  on  the  list,  j^et  it  includes  most  of 
those  whose  contributions  are  familiar  in  the  Proceedings  of  Araer- 

»By  vote  of  tlie  Section  this  report  was  referreil  to  the  Standing  Committee,  who 
directed  that  the  report  be  printed  and  further  action  upon  it  deferred  until  the  next 
meeting  of  the  Association. 

(7) 
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ican  Scientific  Societies,  and  an  iinque.stional)le  niajorit}'  of  the 
best  working  i»aturalists  of  the  country.  The  views  of  several  of 
tliosc  from  whom  no  response  was  received  have  l)een  incorporated 
in  llie  api)endix  by  means  of  citations  from  their  works. 

The  queries  contained  in  the  circular  relate  chietly  to  certain 
points,  concerning  which  a  diversity  of  opinion  has  existed  among 
naturalists;  the  general  principles  of  nomenclature  not  being  in 
question.  The  responses  are  divided  into  affirmative,  negative 
and  doubtful,  while  in  in<lividual  cases  some  queries  received  no 
response.  The  answers  classed  as  doubtful  comprise  those  which, 
b\' their  tenor,  indicated  that  the  purport  of  the  particular  (picry 
had  not  been  clearl}'  understood,  and  some  in  which  the  person 
replying  avowed  his  inability  to  express  a  preference  for  iiuy  one 
of  several  modes  of  proceeding. 

The  gratifying  unanimit}'  which  is  exhibited,  in  the  responses  to 
certain  of  the  more  important  and  clearl}'  defined  questions  at  is- 
sue, indicates  that  a  thorough  study  of  the  more  complicated 
questions  by  the  light  of  the  general  principles  of  nomenclature 
would  result  in  a  practical  agreement  on  the  part  of  American 
naturalists  in  relation  to  nearly'  all  the  matters  in  debate. 

It  is  evident  frona  the  responses  of  naturalists,  that  their  opinion 
is  generally  adverse  to  any  attempt  to  limit,  b^'arbitrary  rules,  the 
right  of  publication  in  the  most  convenient  direction,  and  against 
any  statute  of  limitations  in  regard  to  scientific  names.  This 
seems  to  be  in  accord  with  the  principles  of  justice,  equity  and 
general  usage  in  nomenclature,  though  at  times  inconvenient  in 
its  results.  It  ma}'  be  confidently  expected  that  the  majority  of 
authors,  when  their  attention  has  been  drawn  to  it  will,  for  their 
own  interests  as  well  as  that  of  science,  avoid  in  future  publica- 
tions, tlie  methods  (or  want  of  method),  which  in  the  remote  past 
sowed  so  many  germs  of  present  diflSculty. 

It  was  thought  by  your  Reporter  that  the  best  interests  of 
science  would  be  served,  and  the  whole  question  be  more  clearly 
presented  for  future  decision,  by  preparing  such  an  appendix  as 
that  which  forms  the  chief  bulk  of  this  report  as  now  submitted. 

This  appendix  consists  of  a  resume  of  all  the  principles  and 
rules  of  nomenclature  as  heretofore  set  forth  by  the  chief  authori- 
ties on  that  subject,  with  the  diverse  views  of  different  authors 
concerning  each  proposition  appended  to  it  and  authenticated  by 
their  initials  according  to  the  accompanying  list.     In  most  cases. 
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a  statement  of  the  bearing  of  the  responses  to  the  circuhir  upon 
each  rule  is  included  in  the  discussion  following  the  rule.  There 
are  also  some  comments  for  which  the  writer  is  responsible. 

A  serious  mistake  appears  to  have  been  committed  at  the  outset 
b}'  divorcing  Zoological  from  Botanical  nomenclature,  as  was  done 
by  the  committee  of  the  British  Association.  The  signal  success 
which  has  attended  the  efforts  of  botanists  to  unify  their  nomen- 
clature, when  compared  with  the  confusion  reigning  in  some  de- 
partments of  zoology,  is  suflicient  proof  of  this.  Your  Reporter, 
therefore,  has  endeavored  to  combine  both  in  a  symmetrical  man- 
ner in  one  general  whole.  The  principles  and  almost  all  the  de- 
tails are  essentialh^  identical  in  both.  In  performing  this  labor 
great  dependence  has  been  placed  on  the  admirable  memoir  of  De 
Candolle,  and  the  writer  is  indebted  to  Dr.  Asa  Gray  for  kind  sug- 
gestions in  regard  to  doubtful  points. 

The  rules  and  examples  for  the  proper  construction  of  com- 
pounds and  derivatives  from  classical  roots,  for  properly  latinizing 
vernacular  terms,  and  the  table  of  equivalent  letters  in  Greek  and 
Latin  have  been  amplified  beyond  the  extent  previously'  attempted 
by  any  writer  on  nomenclature,  and  also  submitted  for  criticism  to 
a  competent  professor  of  languages  to  insure  accuracy'.  It  is  be- 
lieved that  this  feature  will  prove  useful  to  those  naturalists  not 
especially  familiar  with  the  classical  languages. 

While  it  has  seemed  necessary  to  criticise,  in  one  or  two  mat- 
ters of  detail,  the  rules  put  forward  by  the  two  committees  of  the 
British  Association,  3'et  the  wisdom  and  advisabilit}'  of  their  re- 
commendations in  general  must  be  fully  conceded. 

While  the  forms  of  expression,  used  by  authors  cited,  have  been 
frequentlv  somewhat  modified  in  translation  or  for  harmony  of 
diction,  great  care  has  been  taken  not  in  anj'  way  to  modify  the 
opinions  expressed  by  each  writer.  For  the  Reporter's  comments 
he  is  of  course  solely  responsible.  The  few  suggestions  which. he 
has  ventured  to  make  are  open  to  free  criticism  ;  from  which  and 
from  a  stud}'  of  the  broad  principles  underlying  the  whole  subject, 
a  more  satisfactor}-  understanding  on  the  matters  in  controversy 
can  hardly  fail  to  come  about. 

It  will  be  readil}'  understood  that  the  labor  involved  in  the  prep- 
aration of  this  paper  has  not  been  slight,  j'et  it  seemed  that  in  no 
other  way  could  the  matters  concerned  be  brought  before  those 
interested  in  a  satisfactory  and  impartial  manner. 
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This  report  docs  not  form  a  proposition  to  be  acted  on  by  the 
Section,  or  by  the  Association  in  a  flnal  manner  at  the  present 
time.  It  is  merely  an  attempt  at  a  complete  presentation  of  the 
subject,  without  which  no  well  advised  action  by  naturalists  as  a 
body  can  be  exi)ected  or  is  to  be  desired.  So  far  as  is  known  to 
the  Reporter,  no  such  compilation  has  hitherto  been  attempted  in 
inotlcrn  times. 

]^I:uiy  of  tiie  difliculties  with  which  authors  are  confronted  are 
the  residt  of  efforts  by  specialists  to  remedy  confusion  in  their 
particular  departments  without  reflection  on  the  general  bearing 
of  the  usages  which  they  have  attempted  to  introduce. 

When  free  discussion,  assisted  by  the  light  whicli  this  report 
may  tend  to  throw  upon  nomenclature,  shall  have  tested  the  opin- 
ions expressed  and  the  reforms  which  have  here  and  elsewhere 
been  suggested,  a  fit  time  will  have  arrived  to  consider  a  more 
concise  and  definite  code  of  rules  and  the  subject  of  their  recom- 
mendation by  the  Section.  For  the  present  this  Report  with  its 
appendices  is  respectfully  submitted. 

Wm.  II.  Dall, 

Committee. 
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CIRCULAR. 

Smithsonian  Institition,  Wasiiinoton,  D.    C, 

F<  hruary  1,  1877. 

Dear  Sir  : 

At  the  Buffalo  meeting  of  the  Anieiicau  Association  for  the 
Advancement  of  Science,  1S7G,  a  report  from  the  Committee  on  Zoological 
Nomenclature  was  presented  by  the  Ciiairman,  Dr.  LcConte,  and  after 
discussion  it  was  decided  tiiat  tiic  undersigned  be  appointed  a  committee 
of  one  for  the  purpose  of  obtaining  an  expression  of  opinion  from  the 
worl<ing  naturalists  of  the  United  States  and  Canada,  in  regard  to  the 
nature  of  a  sot  of  rules  for  facilitating  the  decision  of  questions  relating 
to  nomenclature,  and  which  might  be  adopted  and  recommended  by  the 
Association.  For  this  purpose  it  was  decided  to  issue  circulars.  It  was 
further  understood  that  these  circulars  should  be  prepared,  distril)uted, 
and,  upon  their  return,  a  report  upon  the  result  prepared  I)y  the  under- 
signed, to  be  presented  at  the  Nashville  meeting  in  1877;  these  proceed- 
ings to  be  preliminary  to  consideration  of,  and  definite  action  on  the 
subject  by  the  Association,  if  action  be  decided  to  be  desirable. 

In  order  to  place  some  reasonable  limit  on  the  number  to  be  distributed, 
it  was  decided  that  the  circular  should  be  sent  only  to  those  naturalists 
who  have,  during  the  last  five  jears  published  descriptive  zoological  or 
botanical  papers. 

The  question  under  consideration  being  one  in  which  every  naturalist 
must  be  more  or  less  concerned,  it  is  confidently  expected  that  the  per- 
sons who  may  receive  the  circular,  will  devote  to  it  the  small  amount  of 
time  required  to  fulfil  its  purpose,  in  order  that  a  full  expression  of  opin- 
ion may  be  obtained.  In  order  that  as  little  writing  as  possible  shall  be 
required,  the  questions  have  been  so  framed  as  in  most  cases  to  call  for 
only  a  categorical  answer.  This  method  is  also  absolutely  essential  to 
prevent  ambiguity. 

You  are,  therefore,  requested  to  insert  in  the  spaces  left  for  the  purpose 
in  the  accompanying  circular,  such  answers  to  the  questions  of  which  it 
is  composed,  as  are  in  your  opinion  most  desirable  and  expedient.  Having 
done  this,  you  are  further  requested  to  sign  and  mail  the  circular  to  the 
undersigned  as  promptly  as  possible,  in  order  that  the  preparation  of  the 
report  may  not  be  delayed. 

I  remain  very  respectfully, 

Wm.  H.  Dall, 

Commit' ee. 
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NOTE. 


Tlic  qiicstions  with  which  the  working  Naturalist  is  mo«t  frequently 
brou;;ht  face  to  face  —  ami  in  the  decision  of  whicli  so  niucii  troul)lc  is 
experienced  and  such  diverse  opinions  are  elicited  —  are  chiefly  those 
which  involve  the  right  of  any  one  of  several  names  to  be  considered  as 
properly  proposed  and  entitled  to  take  i)recedence  of  others,  provided  its 
priority  in  time  of  application  be  established. 

Tlie  rule  that  names  (otherwise  unexceptionable)  which  arc  prior  in 
date,  are  to  be  accepted  in  nomenclature  to  the  exclusion  of  all  others,  is 
conceded  by  all  naturalists. 

The  rules  recommended  by  the  Committee  on  Nomenclature  of  the 
British  Association  for  the  Advancement  of  Science,  have  been  generally 
adopted:  though  in  certain  details  they  are  regarded  by  many  naturalists 
as  defective.  Nevertheless  they  have  largely  contributed  to  that  uni- 
formity which  is  so  desiral)le  in  the  matter  of  nomenclature. 

It  h.is  been  thought  that  a  similar  recommendation  on  the  part  of  the 
American  Association  might  reach  many  who  are  not  conversant  with  the 
British  rules  and  tend  to  produce  in  the  works  of  the  rising  generation 
of  American  Naturalists  a  similarly  beneficial  agreement. 

The  differences  of  opinion  which  have  arisen  are  chiefly  in  matters  of 
detail  and  intrinsically  of  very  slight  importance. 

One  of  the  most  serious  in  its  effect  upon  nomenclature  is  that  in  regard 
to  what  names  shall  be  considered  as  really  binomial;  another  as  to  what 
is  necessary  to  definitely  establish  a  name  in  order  that  if  prior  to  any 
other  it  may  be  accepted  as  properly  proposed;  and  most  of  all  as  to  the 
date  to  be  adopted  as  that  of  the  beginning  of  binomial  nomenclature. 
This  latter  question,  as  to  facts,  on  the  authority  of  De  Candolle,  stands 
as  follows : 

A  series  of  rules  for  nomenclature  was  to  some  extent  foreshadowed  by 
Linnaeus  in  his  Fundamenta  Entomohxjia  of  1736.  These  rules  were  first 
definitely  proposed  in  the  Fhilosophia  botanica,  which  appeared  in  1751. 
These  rules,  however,  related  almost  exclusively  to  the  generic  name  or 
no7nen  genericum.  In  1745,  he  had  employed  for  the  first  time  a  specific 
name  (nomen  triviale)  composed  of  one  word,  in  contradistinction  to  the 
polynomial  designation  of  a  species  {nomcn  specificum)  which  was  pre- 
viously the  rule  among  naturalists.  That  which  now  seems  the  most 
happy  and  important  of  the  Linnaean  ideas,  the  restriction  of  the  specific 
name  as  now  understood,  seems  to  have  been  for  a  long  time  only  an  ac- 
cessory matter  to  him,  as  the  nomina  trivialia  are  barely  mentioned  in  his 
rules  up  to  17G5. 

In  1753,  in  the  Inrrementa  botanices,  while  expatiating  on  the  reforms 
which  he  had  introduced  into  the  science,  he  does  not  even  mention  the 
binominal  nomenclature.  In  the  Systema  Xaturce,  Ed.  X,  1758,  for  the 
first  time  the  binomial  system  is  consistently  applied  to  all  classes  of 
animals  and  plants  (though  it  had  been  partially  adopted  by  him  as  early 
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as  1745),  and  hence  many  naturalists  have  regarded  the  tenth  edition  as 
forming  the  most  natural  starting  point.  The  system  being  of  slow  and 
Intermittent  growth,  even  with  its  originator,  an  arbitrary  starting  point 
is  necessary.  In  the  twelfth  edition  (17GC-G8),  numerous  changes  and  re- 
forms were  instituted,  and  a  number  of  his  earlier  specilic  names  were 
arbitrarily  changed.  In  fact,  Linnaeus  never  seems  to  have  regarded  spe- 
citlc  names  as  subject  to  his  rules. 

The  last  was  recommended  by  the  British  Committee  as  the  starting 
point.  They  have  since,  however,  receded  to  the  extent  of  admitting  to 
recognition  some  iclithyological  works  printed  between  the  dates  of  the 
tenth  and  twelfth  editions. 
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QUESTIOXSrO   )VUICII  AX  AXSWER  IS  DESIRED. 


I.  What  (late  sliall  l)c  taken  as  the  coinnicncomeiit  of  tJie  binomial 
era  in  nomenchituie?  For  Kd.  X,  18.  Kd.  XII,  17.  1736 
1.  Botaui.sts,  1753,  2.  No  answer,  7. 
II.  Shall  phrases  composed  of  two  words  wliieli  may  appear  in  tlie 
publications  of  naturalists  whose  works  preceded,  or  who  did 
not  in  such  works  adopt  the  i)inoinial  system  of  nomenclature, 
be  considered  as  binomial  names?  No,  32.  Yes,  5.  No 
answer  or  doubtful,  s. 

III.  If  so,  shall  the  first  word  of  the  said  phrase  be  entitled  to  recog- 

nition as  a  generic  name?  No,  32.  Yes,  5.  No  answer  or 
doubtful,  8. 

IV.  If  an  author  lias  not  indicated  his  adoption  of  the  binomial  sys- 

tem l)y  discarding  all  polynomial  names  in  a  siven  work,  are 
any  of  his  names  therein  entitled  to  recognition  otherwise 
than  in  bibliography?  No,  18.  Yes,  18.  Doubtful,  4.  No 
answer,  5. 

Example.    IXa  Costa,  in  his  work  on  the  Concholoirv  of  Great 
Britain,  varies  from  binomial  to  polynomial  in  liis  deiignatious 

t^lroi^^r;  ""^  T''  ?^  ''"■'  "  -^■"'-''•'^  "  "=""^-  ^^"taiir  two  o? 
t  nee  uouls,  while  others  apparently  conform  to  the  Linna3au 
system.     Should  any  of  these  names  be  retained? 

V.  Does  the  reading  of  a  paper  before  a  scientific  body  constitute  a 

publication  of  the  descriptions  or  names  of  animals  or  plants 
contained  therein?  No,  39.  Doubtful,  2.  Yes,  4. 
VI.  Is  a  name  in  the  vernacular  of  the  publishing  author,  or  a  ver- 
nacular rendering  from  a  classical  root  unaccompanied  by  a 
Latin  or  Greek  form  of  the  name,  entitled  to  recognition  ex- 
cept in  bibliography?  No,  36.  Doubtful,  2.  Yes,  4.  No 
answer,  3. 

VII.  Is  a  name  applied  to  a  group  of  species,  without  a  specification 
of  any  character  possessed  by  them  in  common  (that  is,  with- 
out any  so-called  generic  diagnosis  or  description),  entitled 
to  recognition  as  an  established  generic  name  by  subsequent 
authors?  No,  38.  Doubtful,  3.  Yes,  3.  No  answer,  1. 
VIII.  Is  a  generic  name  applied  to  a  single  (then  or  previously)  de- 
scribed species  without  a  generic  diagnosis  or  description  of 
any  kind,  entitled  to  recognition  as  above,  by  subsequent 
authors?    No,  37.     Doubtful,  3.     Yes,  4.     No  answer   1 
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IX.  Is  a  name,  wlicii  used  in  a  generic  sense,  and  otherwise  properly 
constituted,  subject  to  liave  its  ortiiograpliy  changed  l)y  a  sub- 
sequent author,  on  the  ground  tliat  a  proper  construction  from 
its  classical  roots  would  resuU  in  a  tlitlerent  spelling?  No,  21. 
Doubtful,  3.     Yes,  10.     No  answer,  2. 

X.  If  the  previous  question  be  answered  in  the  afllrmative,  it  may 
be  further  enquired  whether  an  author  has  a  right  to  assume 
that  a  given  name  is  derived  from  classical  roots,  when  the 
author  of  the  name  did  not  so  state,  and  on  this  assumption 
to  proceed  to  change  the  said  name  to  make  it  agree  with  the 
assumed  proper  construction  in  any  case?  and  especially  when 
by  the  asserted  reformation  the  generic  name  becomes  identi- 
cal with  one  previously  proposeil  for  some  other  anim;d  or 
plant,  and  hence  will  fall  into  synonymy  ?  No,  25.  Doubtful. 
2.     Yes,  6.     Xo  answer,  12. 

Example.  Schumacher  described  a  genus  wliicli  he  c:dled 
Paxydon,  giving  no  derivation.  .\  siibsiqucnt  author  de- 
scril)ed  a  genus  Parhijih^n,  giving  the  deiivation.  A  third 
writer  assumed  that  Schumaclier"s  name  had  the  same  deriva- 
tion US  Padnjdon,  and  that  both,  if  correctly  written,  would 
be  Paclnjodon.  The  last  mentioned  then  proposed  a  now  name 
for  Pavli'/ilon,  which  he  had  thus  made  to  appear  preoccupied. 
Was  this  allowable?  No,  26.  Doubtful,  3.  Y'es,  8.  No 
answer,  8. 

XI.  Should  a  generic  name,  otherwise  properly  constituted,  but  de- 
rived from  the  specific  name  of  its  typical  species,  or  similar 
to  that  of  one  of  the  species  included  under  it,  be  rejected  on 
that  account?    No,  40.     Doubtful,  4.     Y'es,  1. 

Note.  It  is  proper  to  state  that  this  is  an  important  ques- 
tion, since  Linnajus  himself,  and  others,  formed  many  generic 
names  in  this  manner,  and  a  large  number  of  such  names  an- 
currently  accepted,  especially  in  botany  and  among  vertebrate 
animals. 

XII.  Shall  a  subsequent  author  be  permitted  in  revising  a  composite 
genus  (of  which  no  type  was  specified  when  it  was  described) 
to  name  as  its  type  a  species  not  included  by  the  original 
author  of  the  genus  in  that  latter  author's  list  of  species  given 
when  the  genus  was  originally  described?  No,  37.  Doutr.ful, 
2.     Yes,  5.     No  answer,  1. 

Example.  Linnaeus  described  a  genus  Chiton  with  a  very 
few  species.  After  many  species  had  been  described  by 
others,  a  later  author  divided  the  genus  into  a  number  of 
genera,  and  reserved  the  name  of  Chiton  (restricted)  for  a 
species  described  many  years  after  the  death  of  Linnajus  and 
belonging  to  a  section  of  the  Chitonidcc  uuknown  to  Linna;us; 
while  to  the  Linna^an  Chitons  he  gave  new  appellations. 

A.  A.  A.  S.,  VOL.   XXVI.  2 
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XIII.  \Vli<-n  an  old  i:<'i)iis  willnml  n  spccifleU  type  lisis  been  subdivitled 

by  a  suliscqiu'iit  author,  and  one  of  tlie  old  species  retained 
and  specilk'il  to  be  the  type  of  the  restricted  genus  bearing 
the  old  name, —  is  it  competent  for  a  tliird  author  to  discard 
tliis  and  select  another  of  t!ie  original  species  as  a  type,  wlien 
by  so  doing  ciianges  arc  necessitated  in  nomenclature?  No, 
nn.     Doubtful,  4.     No  answer,  2, 

XIV.  Shall   an   author  be   held  to  have  any  greater  control  over  or 

greater  privileges  witli  relation  to  names  of  his  own  propos- 
ing, after  the  same  have  been  duly  published,  than  any  other 
subseriuent  author?  No,  40.  Doubtful,  2.  Yes,  2.  No 
answer,  1. 

XV.  For  instance,  when  an  author  describes  a  genus  and  indicates  a 
species  as  its  type,  is  it  allowable  for  him  subseiiuentiy  to 
substitute  any  other  species  as  a  foundation  for  his  genus,  or 
to  use  the  original  type  as  a  foundation  for  another  new 
genus?    No,  38.     Doul)tful,  1.     Yes,  2.     No  answer,  4. 

X\'I.  If  an  author  describes  a  genus  and  does  not  refer  to  it  any  then 
or  previously  descrilied  existing  species,  can  the  genus  be 
taken  as  established?  No,  33.  Doubtful,  7.  Yes,  1.  No 
answer,  4. 

XVII.  If  an  author  applies  a  speciflc  name  to  an  object  without  refer- 
ring it  to  some  then  or  previously  described  genus,  is  the 
specific  name  entitled  to  recognition  by  subsequent  authors? 
No,  33.     Doul)tfuI,  4.     Yes,  7.     No  answer,  1. 

XVIII.  When  a  generic  name  has  lapsed  from  sufficient  cause  into 
synonymy,  should  it  be  thenceforth  entirely  rejected  from  no- 
menclature? or  should  it  still  be  applicable  to  any  new  and 
valid  genus?  Reject,  10.  Accept,  23.  Doubtful,  1.  No 
answer,  2. 

XIX.  Should  a  name  which  has  been  once  used  in  one  subkingdom, 
and  has  lapsed  into  synonymy,  be  considered  available  for  use 
in  any  other  if  not  entirely  rejected  from  nomenclature?  No, 
20.     Doubtful,  1.     Yes,  18.    No  answer,  6. 

XX.  Should  a  name  be  liable  to  be  changed  or  a  later  one  substituted 
for  it,  if  the  original  be  supposed  to  be  inapplicable  or  con- 
tradictory of  the  characters  of  the  species  or  genus  to  which 
it  was  applied?     No,  28.    Doubtful,  3.    Yes,  13.    No  answer,  1. 

Example.  A  fish  without  teeth  was  named  Polyodon  which 
name  had  come  into  use;  when  a  later  author  substituted 
Spahdana  on  the  ground  that  Polyodon  was  inapplicable. 
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XXI.  Is  it  advisftblc  to  fix  a  limit  of  time,  boyoinl  wliicli  a  name  whidi 
has  beeii  received  witliout  objection  during  tliat  time  sliali  be 
held  to  have  become  vali«l,  and  no  longer  liable  to  chanijo 
from  the  resu^tcitation  of  olisoletc  or  uncuniiit  l)nt  actnally 
prior  names?  No,  28.  Doubtful,  I.  Yes,  13.  No  answer,  3. 
XXII.  If  so,  what  shall  this  period  be?  Ko  answer,  35.  The  others 
range  from  10  to  100  years. 

XXIII.  Should  it  be  permitted  to  alter,  or  replace  by  other  and  different 
appellations,  class,  ordinal  and  family  names,  whi(  h  owing  to 
the  advance  of  Science  and  consequent  (liictuation  of  tiieir 
supposed  limits  have  become  luicliaracteristic?  Ves,  30.  Or 
should  these  also  be  rigidly  subject  to  such  rules  of  priority 
as  might  be  determined  on  for  generic  or  specific  names?  No 
answer,  4.     Yes,  11. 

XXIV.  Should  or  should  not  absolute  certainty  of  identification  be 
required  before  it  be  permissil)le  to  reject  a  modern  and 
generally  adopted  name  in  favor  of  a  prior  but  uncurrent 
designation?     Yes.  3S.     DoulUful,  2.     No  answer,  '>. 

Xote.  Many  of  the  old  descriptions  of  species,  sufficient  for 
identification  when  few  species  were  known,  are  entirely  in- 
suflScient  at  the  present  day  to  distinguish  bitween  allied 
species.  Should,  therefore,  a  modern  spceitlc  name  with  a  rec- 
ognizable description  be  made  to  yield  to  an  older  name 
unless  the  identification  can  be  made  beyond  any  cavil? 

XXV.  Is  it  desirable  to  adopt  any  classification  of  periodical  literature 
by  which  certain  exclusive  channels  for  publication  of  descrip- 
tive papers  in  Natural  History  shall  be  designated  for  use  by 
authors  who  desire  to  secure  the  rights  of  priority  for  new 
names  proposed  by  them?  No,  2G.  Desirable  i)ut  impracti- 
cable, 9.     Yes,  8.     No  answer,  2. 

Xote.  An  aflHrmative  answer  will  imply  that  names  which 
may  be  proposed  through  other  than  tiie  designated  channels, 
after  the  latter  shall  iiave  been  decided  upon,  shall  not  be 
entitled  to  recognition  in  questions  of  priority. 

XXVI.  Is   it  desirable  to  adopt  any  analogous  rule   in  relation  to  the 

character  or  extent  of  distribution  of  any  independent  publi- 
cation or  pamphlet  to  which  it  must  conform,  on  pain  of 
losing  its  riglit  to  recognition?  No,  21.  Desirable  bnt  im- 
practicable, 10.     Yes,  14. 

Xiite.  If  the  answer  to  cither  or  both  of  the  two  preceding 
questions  be  affirmative,  a  note  specifying  the  nature  of  the 
proposed  classification  or  restrictions  may  be  appended  to  this 
list. 

XXVII.  Should  a  series  of  rules  be  recommended  for  adoption  by  the 

Association,  would  you  be  guided  b}'  these  recommendations 
in  cases  where  they  might  not  agree  with  your  own  prefer- 
ences?   Yes,  29.     Yes,  with  reservations,  15.     No,  1. 
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list  of  natullalists  from  whom  rkpliks  to  the 
ciucl:laus  have  been  received. 

J.  A.  Allen,  Museum  of  Comparative  Zoology. 

W.  G.  Biiiney,  Burlington,  N.  J. 

Richard  Bliss,  Jr.,  Cambridge,  Mass. 

Dr.  Thomas  M.  Brewer,  Boston  Society  of  Natural  History. 

Dr.  P.  P.  Carpenter,  McGill  University. 

S.  F.  Clark,  Johns  Hopkins  University. 

T.  A.  Conrad,  Philadelphia  Academy  of  Natural  Sciences. 

Dr.  J.  G.  Cooper,  Califortiia. 

Prof.  E.  D.  Cope,  Philadelphia. 

W.  II.  Dall.  Smithsonian  Institution. 

Prof.  J  D.  Dana,  Yale  College. 

Dr.  J.  W.  Dawson,  McGill  University. 

"W.  H.  Edwards,  West  Virginia. 

S.  W.  Garman,  Museum  of  Comparative  Zoology. 

Dr.  T.  N.  Gill,  Smithsonian  Institution. 

Dr.  .Asa  Gray,  Harvard  University. 

A.  R.  Grote,  Buffalo  Academy  of  Sciences. 

Dr.  Herman  Ilagen,  Museum  Comparative  Zoology. 

Dr.  Geo.  II.  Horn,  Philadelphia. 

Prof,  Alpheus  Hyatt,  Boston  Society  of  Natural  History. 

Ernest  Iiigersoll,  New  York. 

AV.  P.  James,  Cincinnati,  Ohio. 

Prof.  D.  S.  Jordan,  Indiana, 

Dr.  J.  L.  Leconte,  Philadelphia  Academy  of  Natural  Sciences. 

Dr.  Joseph  Leidy,  Philadelphia  Academy  of  Natural  Sciences. 

Dr.  James  LewLs,  Mohawk,  N.  Y. 

Theodore  Lyman,  Museum  of  Comparative  Zoology. 

T.  L.  Mead,  New  York. 

S.  A.  Miller,  Cincinnati,  Ohio. 

Dr.  A.  S.  Packard,  Pcabody  Academy  of  Sciences. 

F.  W.  Putnam,  Museum  of  Comparative  Zoology. 

Prof.  C.  V.  Riley,  United  States  Entomological  Commission. 

Prof.  C.  Rominger,  State  Geologist,  Michigan. 

Dr   J.  T.  Rothrock,  University  of  Pennsylvania. 

S.  H.  Scudder,  Cambridge,  Mass. 
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Prof.  N.  S.  Shaler.  State  Geologist  of  Koutucky. 
Herman  Strecker,  Reading,  Pa. 

Prof.  Cyrus  Thomas,  United  States  Entomological  Commission. 
Geo.  W.  Tryon,  Jr.,  Philadelphia  Academy  of  Natural  Sciences. 
P.  R.  Uhler.  Peabody  Institute,  Paltimore. 
Sereno  Watson,  Harvard  University. 

Dr.  C.  A.  Whiti',  United  States  Survey  of  the  Rocky  Mountaiii  Region. 
J.  F.  Whiteaves,  Paleontologist  to  the  Canadian  Geological  Survey. 
Prof.  R.  P.  Wliitileld,  American  Museum  of  Natural  History,  X.  Y. 
Dr.  H.  C.  Yarrow,  United  States  Army. 
Two  accidentally  unsigned. 


WORKS  REFERRED  TO. 

Beside  theLinnsean  canons  the  following  works,  beside  some  not  quoted 
in  the  body  of  tliis  report,  have  been  consulted  and  are  referred  to  by  the 
al)breviations  which  here  precede  their  titles. 

A.  Nomenclator  Zoologicus,  auctore  L.  Agassiz.    Soloduri,  1842-4G.    4to.    (Prae- 

futio.) 

A.  Ag.    Kevision  of  the  Echini;  Alexander  Agassiz.    Cambridge,  1872.     4to.    (I'relim- 

inary  Remarlcs  on  Nomenclature.) 

B.  A.      Kules  for  Zoological  Xomenclature,  authorized  by  Section  D  of  British  Asso- 

ciation at  Manchester,  1812.    8vo,  pp.  26. 

B.  A.  (Modified  do.)  Report  British  Assoc,  Birmingham,  1865.  8vo,  pp.  28.  (See 
Verrill.) 

Bourg.  Methodus  conchyliologicus  denominationis,  par  M.  J.  R.  Bourguignat.  Paris, 
1860.    8vo,  pp.  88. 

Br.  Index  palaeontologicus,  von   Heinrich  G.   Bronn,   voL  III.    Stuttgart,   1848. 

(Ueber  Xouienclatur,  pp.  Iviii-lxviii.) 

DC.  Lois  de  la  Nomenclature  botanique,  r^dig^es  et  commentdes  par  M.  Alphonse 
de  Candolle.    Paris,  1867.    8vo,  pp.  GO. 

Gray.  Review  of  Bentham  and  Hooker,  Genera  plantarum,  by  Asa  Gray,  LL.  D.  (in) 
Am.  Jour.  Sci.  and  Arts,  Jan.,  1863,  p.  134. 

G.  R.  G.  From  the  prefaces  to  the  "  List  of  the  Genera  of  Birds,"  and  to  the  "  Genera  of 
Birds,"  with  some  additional  remarks.  London,  n.  d.  8vo,  pp.  10.  (Pri- 
vately printed  by  Geo.  R.  Gray,  about  1870.) 

Henm.  Indicis  generum  malacozoorum  primordia,  conscripsit  A.  N.  Herrmannsen. 
Vol.  I.    Cassel,  1846.    8vo.    (Leges  nomenclationis,  pp.  vii-xiv.) 
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LfC.      (»ii  soiin'  <  iiaiigiis  in  [he  noineuclature  of  North  American  Coleoptern,  which 

have  recently  been  iiroiioM;il.    By  .John  L.  LeConte,  M.  D..  (in)  Canadian 

Entomologist,  Oct.,  1874.    8vo,  \>\y.  185-107. 
LeC.      On  Kntoniological  Nomenclature,  by  the  pume  in  tlie  same;  Nov.,  1874.    Part 

1,  pp.  201-20(!.    Doc,  1874.    Tart  II,  i)p. '.'07-JlO. 
Lew.     A  discussion  of  the  law  of  priority  in  entomological  nomenclature,  etc.,  by 

W.  Arnold  Lewis.    London,  1K72.    8vo,  i»p.  8<i. 
R.  KuUs  to  be  submitted  to  the  Entomological   Club  of  the  A.  A.  A.  S.  (J.  L. 

LeConte,  W.  Saunders,  C.  V.  Uiley),  1870.    8vo,  pp.  «. 
Scud.    Canons  of  systematic  nomenclature  applied  to  the  higher  groups.    S.  H.  Sciid- 

der  (in)  Am.  Journ.  Sci.  and  Arts  (3),  III,  pp.  a48.    1»7J.    8vo. 
Scud.    Historical  sketch  of  the  generic  names  proposed  for  butterflies,  a  contribution 

to  Hystematic  nomenclature,  by  Samuel  II.  Scudder.    Salem,  1875.    8vo,  pp. 

293. 

Th.       On  European  Spiders,  by  T.  Thorell;  Part  I,  Observations  on  Nomenclature. 
Upsala,  18C9.    4to,  pp.  88. 

V.         Notes  on  the  modifled  Kules  for  Zoological  Nomenclature,  B.  A.,  18C5.  By  A.  E. 
Verrill,  iu  the  Am.  Journ.  Sci.  and  Arts,  xlviii.    July,  18(j9. 
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DISCUSSION  OF  THE  SUBJECT  OF  NOMENCLATURE. 

GENERAL  riilNCIPLES. 

§  1.  Natural  History  cannot  progress,  nor  can  the  stndy  of  its  varions 
bnuiclits  be  carried  on  anil  properly  correlated,  withont  a  regular  system 
in  noineuclalure  which  shall  be  recognized  and  employed  by  the  majority 
of  naturalists  of  ull  countries.     (DC.) 

§  II.  The  rules  for  nomenclature  must  be  impartial  and  founded  on 
motives  sudicienily  clear  and  weighty  to  promote  their  general  compre- 
hension and  acceptance.     (DC,  B.  A.) 

§  III.  The  essential  principles  in  everything  which  relates  to  nomencla- 
ture are  (1)  the  attainment  of  Jixitij  in  the  designations  for  organized 
beings,  (2)  the  avoidance  of  names  or  methods  of  appl3-ing  names  calcu- 
lated to  result  in  errors  or  to  throvv  science  into  confusion,  and  lastly  (3) 
to  avoid  the  unnecessary  creation  of  names.     (DC.) 

Other  consiilerations.  such  as  grammatical  accuracy  in  the  formation  of  names,  their 
regularity  or  euphony,  etc..  are  relatively  less  important.    (DC.) 

§  IV.  No  usage  conflicting  with  the  rules  and  liable  to  introduce  error 
or  confusion  can  be  maintained.  When  no  grave  objections  of  this  na- 
ture are  liable  to  be  raised,  it  may  happen  that  an  ancient  usage  may  be 
conserved  without  opposition,  but  all  should  carefully  guard  against  the 
imitation  or  extension  of  such  practices.  In  the  absence  of  a  rule,  or  if 
the  application  of  the  rules  be  doubtful,  an  established  usage  may  be 
taken  as  a  proper  guide.     (DC.) 

It  is  impracticable  not  to  recognize  a  certain  right  in  usage,  for.  by  tlie  maintenance 
of  familiar  names  and  u.-eful  forms,  clearness  and  precision  are  often  gained.  But  it 
is  never  desirable  to  perpetuate  a  serious  eri-or  for  the  small  advantage  of  following  a 
habit.    (DC.) 

§  V.  The  principles  and  forms  of  nomenclature  should  be  as  similar  as 
possible  in  Botany  and  Zoology.     (DC.) 

The  manner  in  wliich  Botany  and  the  different  branches  of  Zoology  have  reached 
their  present  state,  being  far  from  uniform,  and  the  natureofthe  organisms  treated  of 
being  dissimilar,  an  absolute  identity  in  the  application  of  nomenclature  is  impractica- 
ble even  if  it  were  wholly  desirable.  The  fundamental  principles,  however,  and  the 
end  to  be  attained,  are  the  same  in  both  branches  of  study. 

§  VI.  Scientific  names  are  of  the  Latin  form  or  language.  When  taken 
from  another  language  they  are  to  be  rendered  in  the  manner  of  Latin 
words  and  take  a  similar  termination.  If  translated  into  the  vernacular 
for  use  in  a  popular  or  familiar  manner  the  resemblance  to  the  Latin  orig- 
inal should  be  preserved  as  nearlj'  as  possible.     (DC,  B.  A.,  Th.,  etc.) 
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§  VII.  N.iiiRiicIature  coiiipri-liends  two  kinds  of  names:  (j)  tenns 
whkli  fxprtvss  Iho  relative  value  of  yioups  which  are  coiU|)ri.seil  each  in 
another.  (2)  Particular  names  for  each  ^'roup  of  oruani>ui.s  known  to 
exi.st,  ai)pellalive  words  whicli  are  names  and  not  dellnili.jus. 


On  tho  Subordination  and  Designation  of  Groups  belonging  to 
the  First  Category  of  §  VII. 

§  VIII.  The  following  table  indicates  the  two  series. 


BUGNUM  VEGETABILE. 

1 

REGXCM 

AXIS!  ALE. 

Siibrcgnum. 

Subklngdom. 

Clas.sis. 

Class. 

Classic. 

Class. 

SiiUclassis. 

Subclass. 

SulxUassis. 
Superordo. 

Subclass. 
Supcrordcr. 

Coll.. IS. 

Cohort. 

Ordo. 

Order. 

.'?iilK-..li.irs. 

Stibcobort. 

Sub')rdo. 

Subonler. 

Ordo,  faiiiili.'i. 

Older  or  Family. 

Faniilia. 

Familv. 

Subonio,  siibfamilia. 

Snbonler. 

Sublandlia. 

Sublaniily. 

Tribus. 

Tribe. 

Tribus. 

Tribe. 

StibtriUus. 

Subtribe. 
Genus. 

GeniLs. 

Genus. 

Genus. 

Siibgeiiiis. 

Subgenus. 

■Subgenas. 

Subgenus. 

Scclio. 

Section. 

Sectio. 

Section. 

Subsectio. 

Subsection. 

Subsectio. 

Subsection. 

Species. 

Species. 

Species. 

Species. 

Subspecies,  Pioles. 

Subspecies,  Race. 

Subspecies. 

Subspecies. 

Varietas. 

Varietv. 

Varietas. 

Variety. 

Subvarietas. 

Sub  variety. 
Variatiou. 

Vaiiato. 

Vaiiatio. 

Variation. 

Siibvariatio. 

Subvariation. 
Plant. 

PJanta. 

Animal. 

Individual. 

The  above  terms  are  more  or  less  generally  ac(;ei.ted  ;  the  relative  values  being  more 
fully  and  generally  recognized  in  botany  tlian  in  zoology.  In  the  literature  of  the 
latter  branch  some  of  the  terms  above  mentioned  are  rarely  found,  though  bv  no  means 
unnecessary  for  careful  dlscriniiuation.  Tlie  term  tribe  in  zoologv  lias^been  used  with 
several  dlffc-rent  values.  In  this,  as  in  other  respects,  the  inchoate  condition  of  zo- 
ological nomenclature  as  compared  wiili  tliat  of  botany  is  clearly  apparent. 

§  IX.  All  individuals  belong  to  a  species,  all  species  to  a  genus,  all 
genera  to  a  family,  all  families  to  an  order  or  to  a  cohort,  all  orders  or 
cohorts  to  a  class.  (DC,  B.  A.)  In  some  species  varieties  or  variations 
are  recoj^Miized,  and  even  more  numerous  modifications  in  some  cultivated 
plants;  botanical  orders  are  often  divided  into  tribes,  and  genera  into 
sections.    Intermediate  groups  are  distinguished  by  the  prefixes  sub  and 
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super,  the  former  being  intermeiliate  between  the  rank  of  the  term  to 
which  it  is  prefixed,  and  tiie  next  lower,  the  latter  between  the  same  terra 
and  the  next  hijiher. 

The  botanical  terms  are  not  precisely  interclumgeable  with  tliose  used  in  zoology, 
owing  to  the  differeni'c  in  the  subjects  classitie'l  and  lor  otiier  reasons;  this  is  espec- 
ially the  case  with  the  terms  order  and  family,  in  the  two  series.  A  special  scries  of 
terms  to  indicate  spor/s,  hybrids,  etc.,  is  in  use  iu  botany  whicli  is  exliaustively  treated 
of  by  DeCaudoUe. 

§  X.  The  definition  of  each  of  these  terms  or  names  of  frroups  varies, 
up  to  a  certain  point  according  to  tlie  state  of  science  or  the  views  of  the 
individual  writer  using  them,  but  their  relative  rank,  sanctioned  hy  usaLie, 
cannot  be  inverted.  No  classification  containing  inversions,  such  as  a  ili- 
vision  of  a  genus  into  families  or  of  a  species  into  genera  can  be  ad- 
mitted.    (DC.) 

§XI.  In  botany  subdivisions  of  a  species  are  usually  indicated  liy  fig- 
ures (1,  2,  3,  etc.)  and  subdivisions  of  varieties  I)y  Greek  letters  (a.  ^,  A.etc), 
but  iu  zoology  it  is  a  common  practice  to  denominate  the  subspecies  i)y 
di>tinct  names  which  are  appended  to  the  specific  name,  as  Ovis  amnion 
subsp.  crasakonius. 

On  the  Manner  of  Designating  Particular  Groups  or  those 
belonging  to  the  Second  Category  of  §  VII. 

§  XII.  Each  natural  group  of  animals  or  plants  can  have  but  one  valid 
designation.  (DC,  B.  A.,  Bourg.,  etc.)  This  designation  by  modern 
usage  is  allowed  to  exist  simultaneously  in  zoology  and  botany  without 
rendering  either  application  of  it  invalid,  but  iu  either  department  it  can 
be  applied  in  a  valid  manner  but  once. 

§  VI  sliould  be  kept  in  mind.  "'We  refer  solely  to  the  Latin  or  systematic  language 
of  zoi>h)gy  (and  botany).  We  have  nothing  to  do  with  vernacular  designations."  (B. 
A..  Til  > 

Tlie  special  application  of  this  principle  to  genera  and  species  will  be  treated  under 
their  specilic  heails. 

§  XIII.  This  designation  should  only  be  changed  for  the  most  important 
reasons,  founded  on  a  thorough  knowledge  of  the  facts;  or  on  the  neces- 
sity of  abandoning  a  denomination  on  account  of  its  being  in  conflict 
with  the  following  rules  or  with  the  essential  principles  of  systematic 
nomenclature.     This  necessaril}'  follows  from  §  III. 

§  XIV.  The  form,  number  and  arrangement  of  the  names  are  depend- 
ent on  the  nature  of  each  group,  according  to  the  rules  which  follow. 

DENOMINATION  OF  TIIE  HIGHER  GROUPS. 

GKOUPS  OF   IIIGIIEK  VALUli  THAN   FAMILIKS  Oil   BOTANICAL  OltDKRS. 

§  XV.  The  names  of  these  groups  are  taken  from  some  one  of  the  prin- 
cipal characters.      They  are  expressed  by  single  words  of  Greek  or  Latin 
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origin  in  wliirli  a  certain  liariiioiiy  of  form  ami  tenniiiatioii  is  preserved 
for  uruups  t>f  similar  iiainro.  Kx.  I'haufrufjaiiKB,  Crijpturjaiiue  ;  (Jcplialo- 
poda,  (iantciopttila  ;  Jiaplures,  Scunsorea;  etc.     (DC,  etc.) 

CiiiniiouiicU  c)f  (irovk  iiikI  L  itiii  words  aro  inndmlssiblu  (IJoui-g.)  Nomina  sesriui- 
lu'il.ilia  InmiMiihi  Mint  (Lin.)  In  i^ryiito^aniic,  l)ot:tny  ancient  names  ol' families  Piich 
u<  Afusri,  niirin,  etc.,  have  been  employecl  as  names  of  classes  or  8nbila>sps.  ]5o- 
tanicul  cohciiis  or  .-ubcoborts  are  ile.signutcil  by  Iho  name  of  oue  of  tlieir  priuciital 
families  with  the  lermination  ales.    (DC,  etc.) 
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§  XVI.  Tlic  families  (onlincs)  in  botany  are  desi;;nate(l  by  tlie  name  of 
one  of  tlieir  principal  genera,  with  the  termination  acecc.  E\.  L'osa, 
liosacecE ;  Jlanuncuhis,  llaniinculaceoc. 

Usage  has  justiflcil  the  following  exceiitions. 

1.  When  the  genus  from  which  the  name  of  the  family  is  taken  ends  in  Latin  with  ix 

or  14  (genitive  tci.s,  idU  or  iscix)  the  termination  iccre,  idem  or  inece  is  permitted; 
as  in  Saiicinece  Irom  SalU-;  lierberideK  from  lierberis;  Tajnariscinem  from  7'am- 
arix. 

2.  When  the  genus  from  whence  the  name  of  the  family  is  derived  has  a  name  of  incon- 

venient length,  and  there  is  not  in  the  family  a  tribal  name  formed  from  the  same 
generic  name,  the  terminatiou  ece  is  admitted;  as  Dipterocarpea  Irom  nipterocarr 
pus. 

3.  For  some  very  large  families  universally  known  under  their  exceiHional  names,  the 

ancient  designation  is  preserved,  as  Cruciferce,  ComposUce,  Graminece,  etc. 

4.  An  old  generic  name  no  longer  preserving  that  rank,  but  applied  only  to  a  section 

or  even  a  species,  may  be  maintained  as  the  base  of  a  family  name,  as  Ilippocas- 
taacce  from  jEsculus  hippocastununi.    (DC.) 

ZOOLOGICAL  FAMILIES,  SUBFAMILIKS  AND  TRIBES. 

§  XVII.  The  names  of  zoological  families  are  best  formed  by  adding  the 
termination  idcB  to  the  name  of  the  earliest  known  or  most  characteristic 
genus  contained  in  them;  and  of  subfamilies  by  adding  the  termination 
inx:  this  should  be  done  In-  changing  the  last  syllable  of  the  genitive  case 
into  idee  or  incB.  Ex.  Strix,  Strujis,  Strujidce ;  not  Strixidce;  Buceros, 
Bucerolis,  Bucerotidce.;  not  Bucerosidce,  or  Buceridoe.  (DC,  B.  A.,  R., 
Bourg.,  D'Orbiguy,  etc.) 

This  practice  is  strongly  recommended  in  both  editions  of  its  rules  by  the  British 
Association  Commiltce.  It  has  been  adopted  so  generally  by  modern  authors,  and  its 
6imi)licity  and  convenience  are  so  great,  that  it  is  not  necessary  to  enlarge  on  it's  claims 
for  consider.-ition.  Thorell  suggests  oidce  as  a  termination,  which  is  certainly  less  eu- 
phonious, if  in  some  cases  more  classical.  .Scudder  and  a  few  others  would  .attempt  to 
retain  old  forms,  however  diverse,  a  course  apparently  both  impracticable  and  un- 
desirable. 

There  are  a  few  generic  names,  which,  it  is  claimed,  will  not  readily  receive  these 
terminations,  and  some  objections  have  been  made  to  insisting  on  the  universal  appli- 
cation of  this  terminology. 

The  desirability  of  uniformity  and  the  self-evident  convenience  of  being  able  to  re- 
cognize the  value  of  a  group  at  a  glance  are  weighty  reasons  in  favor  of  the  practice 
which,  it  a|)pears  to  the  Keporter,  may  safely  be  lett  to  the  common  sense  and  good- 
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taste  of  natiiinlists,  wliich  in  the  ooiiise  of  time  will  invKtically  decide  the  que-lioi ; 
especially  since  no  lunaamcntal  piincipk-  is  entliingficd  by  allowing  some  latitude  iu 
the  matter. 

§  XV'III.  Boiaiiical  subfamilios  (snhordines)  arc  formed  from  tlic  name 
of  one  of  the  !j:eneia  contained  in  them  wilii  llie  termination  e(e  or  ineoi 
and  also  the  names  of  tribes  and  subtvibes  which  lake  the  teriuination  cw. 
Ex.  Rustix:  from  liosa,  etc. 


Permanency  of  Names  of  the  Higher  Rank. 

§  XIX.  Names  of  hiiiher  rank  tlian  ijonera,  with  the  fluctuation  of  their 
limits  caused  by  the  advance  of  science,  are  not  rigidly  suljject  to  the  lex 
priontatis. 

While  this  g-eneralization  has  not  been  formally  enunciated  hi  the  B.  A.  rnles  it  has 
become  i>ra<-tically  the  general  usage  of  naturalists.  Thorcll  explicitly  adopts  it,  and 
indeed  it  is  impracticable  to  follow  any  other  conrse,  especially  in  relation  to  the  more 
ancient  names.  A  time  will  donbtless  arrive  when  mutati(His  in  the  names  of  the 
higher  groups,  particularly  families,  will  be  as  unnecessary  as  they  arc  undesirable, 
but  in  zoology  tliat  period  has  not  yet  come. 

It  should  be  clearly  borne  in  niiixl  that  such  changes  are  only  allowable  when  by 
mutation  of  the  ch:iracters  or  through  newly  discovered  facts,  the  name  iu  question 
has  become  glaringly  erroneous,  or  li  ibic  to  introduce  errors  or  conlusion  into  science. 
In  family  names  this  occurs  most  often  when  a  geiius  from  whose  name  that  of  the 
family  may  have  been  taken  is  removed  from  association  with  the  majority  of  genera 
which  that  family  has  included,  and  the  said  genus  is  inserted  in  another  family  wliich 
has  already  a  well  established  name.  Also,  when  a  large  number  of  genera  are  re- 
distributed into  lamilies.  widely  diflering  in  their  limits  from  those  in  which  they  hacl 
previously  been  known.  In  either  of  these  cases  the  liability  to  induce  error  may  be 
so  great  as  to  render  a  new  name  desirable.  The  answers  to  query  XXIII  of  the  cir- 
cular indicate  that  a  majority  of  American  naturalists  concur  in  this  conclusion. 


On  names  of  Genera  and  Subdivisions  of  Genera  of  Higher 
Rank  than  Species. 

§  XX.  Genera,  subgenera,  or  sections,  receive  names,  preferably  sub- 
stantives, which  bear  the  same  relation  to  each  other  that  the  proper 
family  or  surnames  of  individual  men  do  to  one  another.     (DC,  Bourg.) 

These  names  may  be  taken  from  any  source  whatever,  or  maybe  framed 
in  an  absolutely  arbitrary  manner,  sui)ject  to  the  following  conditions. 
(DC,  G.  K.  G  ) 

He  C'andolle  justly  remarks  that  it  is  with  generic  names  as  with  our  patronymics. 
Many  surnames  are  inconvenient  or  even  absurd  from  bearing  an  adjective  form,  from 
having  an  inapplicable  meaning,  on  account  of  being  difli<-iilt  to  i)ronounce,  or  for 
some  other  reason.  But,  since  they  actually  exist,  why  should  they  be  changed?  It 
is  not  the  end  of  science  to  miike  names.  She  avails  herself  of  them  to  distinguish 
things.  If  a  name  is  properly  formed  and  different  from  other  names  the  essential 
points  are  attained. 

(Joneric  names  may  be  taken  from  certai;i  characters  or  appearances  of  the  gi-oup, 
frouj  the  chief  h.-ibitat,  names  of  persons,  common  names  and  even  from  arbitrary 
combinations  of  letters.  It  is  enough  If  they  are  properly  constructed  and  do  not  lead 
to  contusion  or  error. 
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A'  long  ns  these  mnttors  arc  not  Jii.lgi'.l  by  this  most  important  principle,  so  long 
mii>l  nomen.l.itiiro  suffer  from  the  proposition  of  ruluH  a.lmiltcd  bv  some  and  rejected 
by  iKIu-rs.    (1>C.) 

Diff.  ling  names  arc  sometimes  formed  in  honor  of  the  same  person  wiicn  tlieir 
iianu-s  lind  themselves  to  it.  Pittouia  and  r„urwf.,rtu,  are  derived  frcm  I'ittr.n  do 
Tournelort;  ISroicuut  un«l  lirunonia  (mm  Urown,  ete.  These  names  sjif.uld  be  pre- 
served for  they  cannot  be  conronnd.-d  in  speech  or  in  the  tal)le9.  Certalnlv.  if  alter 
lirownia\vAi\  been  proposed  there  should  appear  a  natundint  named  Jii-uiion,  no  one 
would  criticise  a  genua  Urunonia;  hence  Jiruuonia  is  an  admissible  generic  name. 
(DC.) 

The  B.  A.  committee  strongly  object  to  names  arbitrarily  formed  and  having  no 
meaning.  On  the  other  hand,  if  euphonious  and  constructed  according  to  the  Latin 
I'.rin.  ihey  are  not  withont  their  advantages.  Yet  it  is  certain  that  names  having  a 
dellnite  meaning  are  much  to  be  preferred. 

§  XXr.  Minor  .subdivisions  of  a  genus  may  be  indicated  by  a  name,  or, 
if  of  less  value  tiian  a  .subgenus,  may  preferably  bear  merely  a  letter  or  a 
nuniber  without  a  name.     (DC,  etc.) 

§  XXII.  When  the  name  of  a  genus  or  of  one  of  its  subdivisions  is  de- 
rived from  the  name  of  a  person,  it  should  be  constructed  in  the  following 
manner.     (Bn^nn,  Bourg.,  Th.) 

A.  The  name  disembarrassed  from  all  titles  and  all  preliminary  particles  is  ter- 
mmated  by  a  appended  to  the  form  of  the  genitive  case,  thus  taking  on  a  feminine 
form. 

The  following  examples  illustrate  the  method  both  for  generic  and  specific  names. 


Name, 
Genitive. 
Generic  form. 
Adjective  form. 

Name. 
Genitive. 
Generic  form 
Adjective  form. 


Brun 
Jiruni 
IJrunia 
Brunianus 

Bruna 
Brunae 
Brunaja 
Brunae 


Brnni 
Briinii 
Bruuiia 
Bruniianus 

Brane 
Bruni 
Brunia 
Brunianus 


Bruno 
Brunoi 
Brunoia 
Brunoianus 


Brunus. 
Brunusi. 
Brunusia. 
Brunusianus. 


Bruny. 

Brunyi  or  Brunii 
Brunyia  or  Bruniia 
Brunyianus  or  Bruniianus. 


B.  The  syllables  which  are  not  modified  by  this  termination  preserve  exactly  their 
original  orthography,  even  to  the  letters  or  diphthongs  employed  in  certain  lan-ua-es 
but  which  are  not  used  in  the  Latin  tongue.  However,  the  a.  o.  ii,  of  Germanic  hin-' 
guages  become  a,  <e.  o;  the  e  and  k  of  the  French  language  become  e;  y  at  the  end  of  a 
word  of  one  syllable  is  treated  as  a  consonant  ^Quoy.  Quoyiu;  Gay.  Gayia),  and  mute 
€  final  becomes  j,  or  is  dropped  entirely  ( /'erouse,  Perotisia). 

To  this  proposition  the  B.  A.  committee  agree,  and  it  is  generally  followed. 

C.  The  genitive  form  is  used  for  specific  names  when  the  proper  name  is  that  of  the 
person  who  collected  or  originally  described  the  species,  the  adjective  form  is  proper 
m  all  other  cases.  Thus  Conns  corax,  Brun  non  Linnaeus,  or  a  new  Contt.*  collected 
by  Brun.  would  be  C.  Bruni.  A  Vort-us  named  after  one's  friend  Brun,  or  an  ornithol- 
ogist Brun.  would  be  C.  Jirunianus.    (Bourg.) 

An  adjective  form,  however,  must  in  no  case  be  given  to  a  generic  or  subgeneric 

name;  e.g.,  jro//«r<a»-wt  Gray,  named  after  Mr.  Wolfart  should  be   Wolfartia.    (B    A 
JJourg.)  ■  >.    •      •. 

§  XXIII.  It  is  highly  undesirable  that  genera  should  be  dedicated  to 
persons  not  in  some  way  connected  with  the  study  of  the  natural  sciences, 
or  with  the  collection  of  materials  upou  wliich  that  study  is  based  CB 
A.,  Bourg.)  ■     ^    ' 
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The  rccommenilations  of  the  B.  A.  committee  contain  an  olijeL-tlun  to  |)evsoiial 
names  ill  zoological  genera,  bnt  the  practice  has  been  curried  to  such  an  extent  that 
even  il'  it  were  less  desirable,  any  prohibitory  rule  or  recommendation  would  be 
unavailing.  However,  names  having  a  modern  political  or  religious  signilicance 
should  be  particularly   avoided. 

§  XXIV.  Naturalists  who  may  propose  generic  names  will  conform  to 
good  taste  and  benefit  nomenclature  by  regarding  the  subjoined  recom- 
mendations. 

A.  Avoid  very  long  n.imes  and  such  as  arc  difllicult  to  pronounce.  As  a  general 
rule  it  may  be  recommended  to  avoiil  introducing  words  of  more  than  flvc  syllables. 
Ex.  Craxirex;  EtchachoUsla;  Thecodontosaurus;  Strongylocentrotua,  etc.  (DC.  IJ.  A., 
etc.) 

B.  Indicate  the  etymology  of  each  name. 

Great  co'ifiision  has  resulted  from  endeavors  on  the  part  of  authors  to  correct  names 
of  which  the  etymology  was  uncertain,  but  which  seemed  to  them  to  be  erroneously 
constructed.  When  the  etymology  is  given  this  question  can  be  accurately  and 
promptly  deciiled  and  no  confusion  result.  (B.  A.,  DC,  etc.) 

C.  Jf  an  author  has  proposed  a  genus  which  has  not  been  admitted,  he  should  most 
carefully  avoiii  creating  another  under  the  same  name. 

Nothing  is  more  inconvenient  in  synonymy  than  to  have  to  explain  that  a  certain 
genus  of  any  author  is  not  the  genus  bearing  the  same  name  and  of  the  same  author, 
but  of  a  diflTerent  epoch.  In  general,  a  generic  name  which  is  known  to  have  once 
been  used  in  botany  or  zoology,  should  be  studiously  avoided  foicvcr  afterward  in  an.v 
other  connection  in  the  department  in  which  it  was  once  introduced.  (DC,  B.  A.,  etc.) 
See  under  head  of  n;imes  to  be  rejected. 

D.  Avoid  forming  names  from  barbarous  or  savage  tongues  unless  they  may  be 
found  more  or  less  frequently  cited  in  books  of  travel,  and  present  a  euphonic  combi- 
nation ea-ily  adapted  to  the  Latin  forms.    (DC) 

E.  liecall,  if  possible,  in  the  composition  or  termination  of  the  name  the  affinities  or 
analogies  of  the  genus.  Ex.  Many  genera  of  fossils  appropriately  end  in  i^es,  many 
of  ferns  in  pieris,  etc. 

F.  Avoid  all  adjective  names. 

The  names  of  genera  are  in  all  cases  essentially  substantive,  and  hence  adjective 
terms  cannot  be  employed  without  violence  to  grammatical  construction,  and  their  use 
is  prima  facie  evidence  of  a  want  of  good  taste.  The  same  may  be  said  of  names  in 
the  genitive  case  which  arc  wholly  inadmissible  without  reformation.  (B.  A.,  DC.,  Ver.) 

G.  Avoid  giving  names  which  in  sound  or  spelling  closely  resemble  other  names 
already  proposed,  even  when  the  etymology  of  the  two  words  is  diverse.  Ex.  Leuco- 
dore,  Leurodora;  Otostomia,  Odostomici,  etc..  etc. 

The  danger  of  confusion  in  such  cases  is  self-evident,  and  the  naturalist  mindful  of 
the  objects  of  nomenclature  will  endeavor  to  avoid  them. 

II.  In  compounding  a  name  from  two  other  names,  the  essential  or  radical  parts  of 
both  should  be  retained  and  the  changes  confined  to  their  variable  terminations. 
(B.  A.,  DC,Th.) 

A  name  compounded  of  the  first  half  of  one  word,  and  the  latter  half  of  another, 
is  an  ungramniMtical  monstrosity;  c.  g..  Loxigilla,  from  Loxia  and  Frinyilla. 

In  other  cases  when  the  commencement  of  both  words  is  retained,  the  excision  may 
still  be  too  great;  e.  g.,  Ducorvus  from  Duceros  and  Corviis, 

In  general,  compound  words  are  open  to  objection  from  their  too  great  length,  or  the 
liabdity  of  introducing  a  barbarism  in  endeavoring  to  render  them  shorter;  but,  when 
coiiipouiided  with  care  and  not  too  long,  they  may  occasionally  be  used  with  advantage 
in  de?igTiating  intermediate  genera.   (B.  A.) 

I.    Avoid  compounding  names  from  two  different  languages.    (B.  A.,  Tli.) 
.•Such  names  are  great  deformities  in  nomenclature,  and  are,  when  one  of  the  parts 
is  of  an  adjective  character,   reasonably  considered  by  most  authors  as  subject  to  re- 
formation or  rejection. 
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J.  (Jooijrapliiral  nnmo-;,  Ix-iii};  fi>r  the  nio.-t  pnrl  iiiljpi:tivrs.  slioiild  be  avoiiled  in 
nnniln>JK<'"»''"«.  (B.  A.)  The  t«Tiniiiiiti>jii  enitis  is  only  applicable  to  names  of  species 
(Icriroil  fiDni  tlic  name  ol  their  habitat. 

K.  Tcrhnical  names  exprr-^sinK  trades  or  profrspion*  Plionld  only  be  used  when 
they  have  a  (special  relation  to  the  habits  or  charaiters  of  the  orf?ani-m  designated. 
(II.  A.)  Kx.  .Irrirolti;  I'attor;  Jti'i/ulua,  el<;.  If  this  caution  were  disregarded,  such 
names  would  be  highly  objectionable. 

L.  Mythologic.il  names  are  bot  aiiplied  in  cases  where  a  direct  allusion  can  bo 
traced  between  the  narrated  actions  of  a  personage  ami  the  observed  habits  or  struc- 
ture of  an  animal.  Thus  when  the  name  I'rogne  is  given  to  a  hwallow,  C'lotho  to  a  spi- 
tlcr,  Xf-'tor  to  a  gray-headed  parrot,  etc.,  a  jileasing  ami  beneficial  connection  is  estab- 
lished between  <lassic:il  literature  and  natural  science.  (B.  A.) 

M.  Names  expressing  positive  characters  are  to  be  preferreil  to  comparative  names 
inmost  cases,  though  occasionally  a  diminutive  may  be  employed  without  disadvan- 
tage. 

§  XXV.  In  immlng  .subgenera  or  sections  of  o  gonu.s  beside  the  recom- 
meiulations  under  tlie  la.st  lieiid,  the  following  additional  precautious  may 
advnntageously  be  attended  to.     (DC.) 

A.  For  the  principal  divisions  of  a  genus,  if  it  be  decideil  to  apply  names  to  them  at 
all,  it  is  well  t<>  adopt  such  as  recall  the  genus  itself  by  some  modillcalion  or  addition. 

B.  The  chief  modifications  in  use  in  nomenclature  are  as  f<dlows  :— before  a  Greek 
derivative  Eii  and  pseudo;  alter  it  attrum,  oides,  or  opsii;  before  a  Latin  derivative 
sub;  after  it  ella,  una,  ina.  ites,  etc.  Usage  has  justified  to  some  extent  the  application 
of  these  mollifications  to  words  of  uncei'tain  etymology  or  arbitrary  formation,  in  con- 
nection with  which  the  Greelc  syllables  are  best  entirely  avoided. 

C.  The  application  of  these  modifications  should  be  governed  by  the  subjoined  re- 
strictions. 

(1)  The  prefixes  pseudo  and  sub  should,  especially  the  latter,  be  reserved  for  use 
with  specific  names,  though  the  former  may  rareiy  be  applicable  to  the  name  ot  a  ge- 
neric group  which  has  been  confounded  with  another  whose  name  is  not  of  Latin  ex- 
traction. Eu  may  be  used  before  generic  names  when  they  arc  derived  from  the  Greek 
language. 

.So  far  as  specific  appellations  are  concerned,  pseudo  may  be  employed  when  it  is  de- 
sired to  connect  the  name  of  a  species  with  that  of  another  with  which  the  former  has 
been  confoundcil.    (Bourg.) 

Sub  may  be  used  in  designating  a  new  species  before  the  name  of  another  with  which 
the  first  has  intimate  relations.  It  has  also  a  few  legitimate  Latin  compounds  which 
maybe  used  for  specific  names,  such  as  subterranea,  etc. 

(2)  The  suffixes  ella.  una,  inn,  ites  (Latin),  and  astrum,  oides,  optia  (Greek),  etc  ,  may 
be  applied  to  generic  or  specific  names. 

The  termination,  e//rt,  u»ja,  j«a.  are  used  atthe  end  of  generic  names  derived  from 
the  L.itin.  to  indicate  that  the  genus  Indicated  by  the  radical  to  which  the  termination 
is  appended,  resembles,  in  some  way,  the  new  genus. 

They  are  also  used  in  reforming  a  name  which  is  inadmissible  for  any  reason,  in 
Older  to  preserve  a  convenient  similarity.  For  instance,  Cacilia,  if  employed  for  a 
shell  (but  already  in  use  in  vertebrates  or  insects),  miglit  be  modified  to  Cacilianella,  in 
order  that  convenience  in  the  consultation  of  tables  or  indices  might  be  conserved  for 
the  new  name  in  connection  with  the  old  one. 

In  the  first  sense  these  suffixes  are  al.so  used  in  forming  specific  names. 

The  termination  ites  is  foun<l  convenient  for  designating  fossil  organisms  analogous 
to  the  living  form,  whose  generic  name  is  the  radical  to  which  ites  is  ai)pended.  It  is 
rarely  used  with  specific  names.  The  terminations  astrum.  optis.  iscus,  etc.,  may  be 
used  in  connection  with  generic  or  specific  names. 

Bourguignat  suggests  thatas<rMm  be  appended  to  thcnameof  a  genus  to  indicate  its 
typical  subdivision,  and  be  reserved  for  this  purpose,  but  this  has  not  been  adopted. 
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A  subilivijiion  of  a  greinis  shonl<l  not  be  formed  by  adding  to  the  name  of  tlie  penus 
as  a  niduMi,  the  termination  of  o/'i«  or  o(</«.<,  but  on  tiic  contrary  tliese  terinin:itioiis 
shouM  be  reserved  for  subdivisions,  which  resemble  another  geiiiis  by  adding;  them  to 
the  name  of  that  oilier  genus,  wlicn  it  is  of  (Jreek  oriijin.  (DC.)  Since  a  sultgunus 
necessarily  recalls  or  resembles  its  iccnus  the  announcenieiit  ol'  the  fact  in  its  name  is  a 
work  of  supererogation.  To  annul  such  names  whii-h  have  been  ah-eady  imi)o>ed.  how- 
ever, would  be  still  more  inconvenient  in  spite  of  their  objectionable  character. 

The  termination  ouleg  is  inelegant  when  applied  to  generic  names  or  those  of  higher 
rank,  and  is  better  reserved  for  specillc  names  of  Greek  or  barbarous  (never  Latin) 
origin,  and  used  in  the  following  cases,  only,  if  at  all. 

a.  When  the  radical  of  the  specific  name  is  the  name  of  a  genus  which  it  resembles : 
e.  g.,  IIeli.c  nuticoules  for  a  species  resembling  a  Xaticu. 

b.  AVlien  the  radical  is  the  root  of  the  name  of  another  species  which  the  new  one 
resembles;  e.g..  Helix  carascaloitles,  a  siiecies  like  11.  cara^ccUensis.  or  Unio  Moquin- 
aides  for  a  species  like  Unio  Moquini. 

One  single  apparent  exception  to  the  compounding  of  Greek  and  Latin  has  been 
consecrated  by  usage;  namely,  ofoirfe«  irom  ovum  amlei&os;  this  has  arisen  from  the 
absence  of  cuiihony  in  the  correct  fonii,  ooides  {uibv  and  eiSos).    (Bourg.) 

D.  For  subjection's  or  groups  of  species,  the  name  of  the  species,  arouml  which  the 
others  may  naturally  be  clustered,  may  be  used  with  the  termination  tana,  as  a  group 
of  species  of  IJeiLc  related  to  H.  pomatia  may  be  indicate<l  by  the  term  Pomatiana. 
(Bourg.) 

E.  Avoid,  in  designating  .sections,  names  which  have  previously  been  employed  for 
genera  or  sections  of  other  genera. 

Sections  are  chiefly  used  in  botany,  being  seldom  named  in  zoological  literature. 
Even  in  botany  they  are  not  usually  cited  in  synonymy,  and  hence  it  has  happened  that 
the  name  of  a  section  has  been  pcrniilted  to  exist  simultaneously  with  an  identical 
word  applied  to  a  genus,  or  the  section  of  another  genus. 

This,  however,  should  be  avoided,  especially  as,  at  some  later  day,  the  Sections  may 
be  advanced  to  subgeneric  or  generic  rank. 

F.  When  the  name  of  a  section  is  cited  it  is  always  announced  in  conjunction  with 
the  generic  and  specific  names,  and  is  placed  between  them  in  parentheses.    (DC.) 

G.  Indcflning  new  genera  or  subgenera,  a  typical  species  should  always  be  men- 
tioned to  serve  as  a  standard  of  reference,    (B.  A.) 


Of  Specific  Names  and  Names  of  Subdivisions  of  Species. 

OF   THKIK    FORMATIOX. 

§  XXVI.  Each  species,  even  wlien  it  is  the  only  one  of  its  genus,  is 
designated  by  the  name  of  the  genus  to  which  it  belongs  followed  by  a 
name  called  speciflc,  which  consists  of  a  single  .simple  or  compound  word, 
and  has  usually  the  character  of  an  adjective.     (DC,  Bourg.) 

See  also  §  XXII.  A.  In  certain  exceptional  cases,  such  as  gall  insects,  the  connection 
by  a  hyphen  of  a  third  word,  with  the  speciflc  name  proper,  when  justified  by  usage,  is 
not  considered  as  an  infraction  of  this  rule.    (Riley.) 

§  XXVII.  The  speciflc  name  should,  in  general,  indicate  some  feature  of 
the  appearance,  characters,  origin,  history  or  properties  of  the  species. 

If  it  is  taken  from  the  name  of  a  person,  it  is  usually  for  the  purpose  of  recalling  the 
in<lividnal  who  describeil,  discovered,  or  was  in  some  way  connected  with  it,  or  with 
the  study  of  the  group  of  which  it  forms  a  part.    (DC,  Bourg.) 

If  a  mythological  personage  has  furnished  a  name  which  has  been  applied  to  the 
genus,  it  is  permissible  for  the  species  to  receive  the  names  of  his  family  or  tribe.    A 
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sericfl  ofnanioRlinviii);  n  iiu-ntul  assorlnlion  witli  in\c  .iiiotlu'r  may  be  uscil  fi>r  the  spe- 
cies of  a  Koims,  us  I'lir  iii>taiict>,  when  a  group  of  wood-biittt'rllics  receive  the  names  of 
Indiiiii  chiefs,  unlive  to  the  region  iiilml)ite(l  by  llioxe  insects;  or  the  name  of  various 
mytholoKical  hemex  or  wamoirt  are  a^sorjateil  witli  ihi;  respective  species  of  a  jfroup 
charactcri/.eil  liy  martial  colors,  haljitn  or  l>eariii;?.  Tlicse  names,  uiile«s  .-ilrcady  ou- 
plionious,  slioulil  receive  a  inodilleil  Latin  lermnialion  as  already  inilicuted. 

§  XXVIII.  A  spcc'illc  name  niiiy  be  a  prdper  noun  or  substantive,  in 
wliicii  case  it  does  not  necessarily  accord  in  jicnder  with  tiie  generic 
name;  but  wiien  tlie  si)ecillc  name  has  the  cliaracler  of  an  adjective,  its 
termination  sliould  be  constructed  to  agree  in  gt-nder  witii  tlie  generic 
name. 

In  the  flrst  case  it  Is fl-cquently  written  beginning  with  a  capital  letter;  in  the  second 
case,  it  should  ccmimencc  witli  a  small  letter.  It  is  jtrobable  that  in  all  cases  it  would 
be  belter  to  commence  the  generic  name  with  a  (Capital,  and  the  specillc  name  with  a 
Em:dl  letter,  ex<'ept  pos-ibly  when  it  is  derived  from  the  name  of  a  person. 

On  this  point.  howeviT,  n.atnralists  are  divided  in  opinion,  usually  following  the 
rules  of  their  respective  vernaculars. 

§  XXIX.  The  same  specillc  name  must  not  be  used  for  two  species  of 
the  same  genus  ;  but,  to  species  of  different  genera,  tlie  same  specillc  name 
may  be  simultaneously  applied. 

§  XXX.  In  constructing  specific  names  naturalists  will  do  well  to  regard 
the  following  recommendations.     (DC,  Bourg.,  B.  A.,  etc.) 

A.  Avoid  names  of  too  great  length  or  difficult  to  pronounce. 

15.  Avoid  names  which  express  characters  common  to  all  or  nearly  all  the  species 
of  the  genus. 

Such  names  were  formcrlj-  rejected,  but  the  confusion  thus  caused  in  nomenclature 
was  far  worse  than  the  want  of  defiuiiivcness  in  tlie  names  changed. 

O.  Avoid  geographical  names  taken  from  little  known  localities  or  of  narrowly  re- 
stricteil  application,  unless  the  habitat  of  the  species  is  known  to  be  equally  restricted. 

D.  When  a  geographical  name  is  applied  to  a  species,  if  tliere  be  a  classical  I'orm  of 
it.  it  is  to  be  used  in  preference  to  tlie  modern  name  (e.  g.,  Anglia  not  England),  unless 
the  Latin  name  be  extremely  obscure,  inharmonious,  or  almost  unknown. 

Sanies  not  represented  in  classical  literature  preserve  the  radical  intact,  latinizing 
only  the  termination. 

The  name  of  a  locality  is  alw.ays  terminated  by  the  suffix  ensis  (e.  g.,  a  species  from 
Carascal  would  be  caruiscalensis). 

The  name  of  a  river  or  other  body  of  water,  a  province,  a  country,  or  a  kingdom,  on 
the  contrary,  is  terminated  by  ius,  icus,  inus,  itus,  etc.,  if  the  gender  be  masculine;  or 
by  irt.  ica,  ina,  ita,  etc.,  if  it  be  feminine;  as  arabicu:^,  eupkraticns.  ahjirus  (if  tlie  prov- 
ince of  Algiers),  appennina,  anglica,  cypria,  texasiana,  a75ri>ten.sis  (if  the  town  of  Al- 
giers), etc.,  etc. 

Since  geographical  names  are  often  liable  to  change  from  the  variation  of  political 
boundaries,  they  are  in  many  cases  particularly  objectionable.  Formerly  some  authors 
rejerteil  them  entirely,  or  tolerated  them  only  when  exclusively  applicable.  Such  mu- 
tations are  no  longer  approved  by  the  majority  of  naturalists,  since  fixity  is  the  funda- 
mental principle  to  be  regarded  in  nomenclature,  yet  as  these  names  are  liable  to 
objection  on  serious  grounds  it  is  desirable  to  make  as  little  use  of  them  as  possible. 
(See  names  to  be  rejected.) 

E.  Avoid  using  in  the  same  genus  names  too  closely  similar  in  form  or  sense,  above 
all  those  which  only  differ  in  their  last  letters. 

A  judicious  naturalist,  for  example,  will  not  call  a  species  virena  or  virescens  in  a 
genus  already  containing  a  species  named  viridis.    (B.  A.) 
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E.  Maiuisrript  names  found  in  the  notes  of  ii  collector  or  on  his  herbarium  tickets, 
when  thiy  arc  well  sclecteil,  may  be  ailopted,  but  not  without  supiilyin;:?  a  description 
and  statinjjtliat  the  name  has  not  elsewlierc  been  formally  introduced  into  nomencla- 
ture. 

Without  tliese  restrictions  or  precautions  the  use  of  MSS.  names  is  highly  objection- 
able, and  has  already  been  the  cause  of  great  confusion  ami  annoyance  to  naturalists. 
The  MSS.  names  of  IJeck.  Solander,  Leach  and  others,  liave  long  been  stumbling  blocks 
in  the  path  of  science  from  having  been  quoted  l)y  naturalists  with  no  refei-ence  to  the 
fact  that  tlicj  are  to  this  day  undescribed,  and  therefore  wholly  valueless. 

G.  Avoiil  names  which  have  already  been  employed  in  the  genus  or  a  related  genus, 
and  wliich  have  fallen  into  synonymy.    (DC.) 

II.  Do  not  dedicate  a  species  to  a  person  who  has  not  discovered,  described,  figured 
nor  studied  in  any  manner,  it  or  the  group  to  which  it  belongs. 

I.  Avoid  names  similar  to  names  employed  to  designate  the  genus  to  which  names 
belong  or  related  genera. 

§  XXXI.  Names  of  subspecies  or  varieties  are  formed  like  specific 
names,  and  when  cited,  follow  the  name  of  the  species  to  which  they  are 
related,  preceded  by  the  abbreviation  subsp.  or  var.  They  should  never 
have  a  substantive  character. 

The  practice  which  has  lately  arisen  of  writing  these  names  without  the  abbrevia- 
tion is  objectionable,  as  incompatible  with  binomial  nomenclature. 


Of  Names  of  Hybrids,  Sports  and  Cultivated  Varieties  used 

in  Botany. 

§  XXXII.  Hybrids  whose  origin  is  certain  are  designated  by  the  name 
of  the  genus  followed  by  a  combination  of  the  specific  names  IVom  which 
the  hybrid  Jias  proceeded.  The  name  of  the  mother  species  is  placed 
first,  terminated  by  an  i  or  an  o  and  connected  by  a  hyphea  with  the  name 
of  the  species  which  has  furnished  the  pollen;  e.  g.,  Amaryllis  rittato- 
rerjince. 

Hybrids  of  doubtful  origin  are  named  like  species,  and  are  preceded  by 
the  sign  X  placed  before  the  generic  name;  as  X  Saltx  capreola,  Kern. 

§  XXXIII.  Subvarieties,  variations,  and  subvariations  of  wild  plants 
may  receive  names  analogous  to  those  of  varieties,  or  simply  numbers,  or 
letters  which  may  facilitate  their  classification. 

§  XXXI V.  Seedlings,  or  sports,  from  cultivated  plants,  receive  fancy 
naiiii's  in  the  vernacular  which  should  differ  as  much  as  possible  from  the 
Latin  designationsof  species  or  varieties.  When  it  is  desired  to  cite  them 
wiih  l)()tanical  species,  subspecies  or  varieties,  they  are  indicated  l)y  the 
succession  of  the  names:  as  '' Pelargonium  zonale  Mistress  Pollock." 
CDC.) 

The  above  limitations,  as  explained  by  De  Cnndollc.  are  necessary  to  i)revent  con- 
fasion  between  tlie  principal  natural  modiflcationsof  a  sjiec-ies  and  the  Illimitable  num- 
ber of  seedlings,  .'ports,  and  inferior  modifii^ations  of  cultivated  plants,  the  piodu<-t  of 
gardens;  whose  transitory  appellations,  if  jiroposeil  in  the  Latin  form,  would  (as  some 
have  already)  creep  into  the  literature  of  the  subject,  be  confounded  daily  with  species 
or  varieties,  and  i>'oduce  unendingconiplications. 
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Of  the  publication  of  Names  and  the  date  to  be  assigned  to 
each  Name  or  Combination  of  Names. 

§  XXXV.  The  ilatr  of  a  nsuiie  or  c<)iiil)iii;ilioii  of  iianicM  is  lliat  of  their 
actiiiil  |)iil)licatioii,  iliat  is  to  say  from  tiie  time  of  occurrence  of  sucli  cir- 
cmn^taiicc's  as  give  to  the  name  an  irrevocable  publicity. 

§  XXXVI.  riiblicutiou  consists  in  the  pul)Iic  sale  or  distribution  of 
printed  Ijooks.  pamplilcis  or  plates.  To  this  category  botanists  add  the 
distribution  orsal'j  ofspecimoMs  of  the  plants  described,  to  wliich  written 
or  printed  ticicetscouiainiiig  the  proposed  new  names  are  attached.     (DC.) 

To  constitute  publication  nothing  less  than  the  insertion  of  a  distinct  exposition  of 
essential  characters  in  a  pi  intud  book  can  lie  ilci-mu<l  siifli'ient.    (B.  A.) 

Satislnciorj-  plates  or  ligures  which  cxjiress  the  essential  ciiaiacters  of  the  organism 
concerned,  and  on  which  the  proi>oscd  name  is  enginvcd  or  printed,  are  generally 
bcld  to  be  equivalent  to  a  dcUnition. 

The  exception  in  favor  of  i>ubli.'shcd  herbaria  by  botanists  appears  injudicious,  and 
is  the  result  of  an  ancient  usage  which  foitunately  has  never  attained  in  zoology,  and 
as  a  method  of  publication  in  modern  days  can  be  scldoin  necessary  and  never  advis- 
able. 

§  XXXVII.  A  communication  in  a  public  assembly,  of  names  applied  to 
specimens  iu  collections,  the  ticketing  of  plants  in  public  gaidcns.  or  the 
reading  of  a  paper  containing  new  names  before  a  scientilic  society,  does 
not  constitute  publication.      (DC,  Th.,  Benth.,  V.,  B.  A.) 

Communications  to  a  public  assembly,  unless  published  in  an  immediate  literal 
report  ofthe  meeting,  rest  only  on  the  uncertain  recollections  of  the  audience.  Labels 
in  public  museums  and  gardens  may  be  tran>|)Osed  or  replaced  from  hour  to  hour. 
Communications  to  a  society  may  be  subject  to  amplification,  correction  or  revision, 
up  to  the  time  of  printing.  In  all  the  above  cases  the/act  of  publication  cannot  be 
placed  above  question. 

The  inadmissibility  of  adopting  the  date  of  reading  of  a  jiaper  is  shown  by  suppos- 
ing a  case  in  which  it  Jailed  altogether  to  be  printed.  No  one  would  then  assert  that  il 
had  actually  been  published.  Yet  that  such  honor  or  credit  as  may  be  due  to  the  origi- 
nal discoverer  of  a  fact,  can  be,  and  is,  secured  to  him  by  such  an  announcement  of  it, 
whether  he  be  the  flr.-t  to  print  it  or  not,  no  one  will  deny.  This  seems  to  be  the  prin- 
ciple contended  lor  by  the  few  who  demand  priority  from  the  date  of  reading.  It  is 
possible  that  some  believe  that  credit  or  honor  is  secured  by  the  ap|)licatioii  of  ucw 
names,  but  scientific  nomenclature,  owing  its  right  to  exi.-t  to  the  fundamental  principle 
of  lixity,  should  not  be  allowed  to  suffer  from  considerations  ol  this  nature. 

That  the  majority  of  American  naturalists  concur  iu  the  above  is  manifest  from  the 
replies  to  querj'  V  of  the  circular  before  alluded  to. 

§  XXXVIII.  The  date  borne  by  a  publication  is  presumed  to  be  accu- 
rate until  the  contrary  is  proved.     (DC.) 

It  is,  nevertheless,  well  known  that  in  some  cases  this  date  is  not  correct,  or  represents 
the  presentation  instead  of  the  publication  ofthe  matter  bearing  it.  This  is,  for  in- 
stance, the  case  with  several  of  D'Orbiguy's  works  and  with  the  transactions  of  some 
learned  societies. 

Such  absence  of  frankness  and  plain  dealing,  in  matters  where  the  utmost  precision 
is  desirable,  is  highly  reprehensible.  It  would  hardly  be  unfair  in  instances  where  a 
doubt  arises  as  to  priority  between  an  honestly  dated  work  and  one  issued  as  above, 
to  throw  the  onus  probandi  on  the  publishers  of  the  hitter. 
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§  XXXIX.  A  species  is  not  to  be  cousidered  as  named  unless  both  gen- 
eric unil  speciflc  names  are  simultaneously  applied  to  it.     (DC.) 

This  follows  from  §  XXVI,  and  the  majority  of  tiie  reiJlies  to  query  XVII  of  the  cir- 
cular concur  in  it. 

§  XL.  A  species  announced  in  a  publication  with  both  generic  and  spe- 
cific names,  but  without  any  description,  cannot  be  considered  as  pub- 
lisluil.  It  is  the  same  with  a  genus  simply  announced  by  name.  11, 
>ubsequently,  the  author  or  some  one  else,  makes  public  what  this  mime 
-ignilies,  the  date  of  the  second  publication  is  the  only  one  to  be  taken 
account  of.     (DC.) 

A  siiecillc  name  without  a  generic  name,  or  a  combination  of  gc.nf'ric  auil  siiecltlc 
names  without  a  ilescription  of  any  kind,  is  nothing.  They  are  empty  words  w  illiont 
sense.  Tlicy  only  acquire  a  value  from  the  time  wlien  gome  oue  gives  them  sense  by 
conipletiug  them. 

It  may  be  said  that  tliere  are  specific  descriptions  so  short  or  badly  made  as  to  sig- 
nify almost  notliing,  and  hence  these  should  be  disregarded  as  incoiupleiely  iml.lislied, 
or  names  pure  and  snnple  >hould  be  adiniited.  There  is,  however,  a  difference  between 
the  two  cases.  The  absence  ol  all  characterization  of  a  name  is  a  definite,  i)ositive 
lact.  The  insulliciency  of  a  description  is  something  vague,  w  hich  may  be  contested, 
lie.- ides,  an  apparently  insignificant  word  may  sometimes  lead  to  the  idei.iiiicatiou  of 
abpecies.    (DC.) 

In  revising  a  group  in  which  such  names  occur,  the  naturalist  who  ilesires  to  avoid 
multiplicatiou  of  synonyms  may  choose  to  adopt  the  unpublished  name;  a  coarse 
which  is  to  be  commended  only  when  by  some  particular  circumstances  the  absolute 
identity  of  the  group  about  to  be  named,  with  that  intended  by  the  author  of  the  un- 
published name,  can  be  established.    (U.  U.  G.,  etc.) 

§XLI.  A  generic  name,  accompanied  by  a  description,  but  without  a 
reference  to  it  of  any  deUnite  species,  may  be  considered  as  published 
when  the  organisms  to  which  it  is  intended  to  refer,  are  unmistakable. 

Compare  circular,  XVI. 

§  XLII.  A  generic  name  unaccompanied  by  a  description,  but  under 
which,  as  type,  a  single  new  species  is  fully  described  or  satisfactorily 
dgured,  and  concerning  which  there  can  be  no  uncertainty,  may  be  ad- 
mitted as  published.  Conversely,  when  a  generic  name  is  fully  charac- 
terized, and  a  new  specific  name  without  a  description  is  appended  to  it 
as  the  type  of  the  new  genus,  and  about  which  no  doubt  can  be  enter- 
tained, the  species  may  be  regarded  as  published.     (Th.) 

The  practices  mentioned  are  doubtless  highly  objectionable.  Dut  in  the  first  case 
the  generic  characters  may  be  regarded  as  included  in  the  specific  diagnosis,  and  in  the 
second  the  specific  characters  may  be  considered  as  expressed  in  the  generic  descrip- 
tion; in  either  instance  a  dcubt  might  reasonably  exist  as  to  which  of  alltlie  characters 
of  a  new  organism  were  to  be  regarded  as  generic,  and  which  as  appertaining  to  the 
species. 

This  differs  from  the  cases  in  which  a  generic  name  without  a  diagnosis  is  placed 
before  the  names  of  a  number  of  species  then  or  previously  described.  In  these  in- 
stances, it  there  are  characters  warranting  the  allocation  of  species,  and  sep;irating 
them  from  other  genera,  it  is  the  duty  of  the  propounder  of  the  genus  to  indicate  them 
10  the  best  of  his  ability.  If  too  ignorant  or  too  indolent  to  attempt  the  task  of  differ- 
entiation in  words,  his  work  may  safely  be  regarded  as  unworthy  of  recognition.  (B. 
A.,  11.) 
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§XL1II.  X;itur.ilisls  will  do  well  to  bear  in  iiiiiul  the  following  sug- 
gestions : 

A.  Iiiilicato  cx.-ictly  the  date  of  ixibliciiiion  of  each  work  or  portion  of  a  work,  or 
of  the  (li^lriUutioii  of  namoil  .H|ieciincii8  of  plants  uinlcr  §  XXXVI.    (DC.) 

It  woiilil  l>c  vi'ry  usi-fiil  if  scienlillc  journals  or  works  on  bibliograpliy  would  denote 
the  exai-i  date  of  reception  or  actual  publication  of  volumes  or  plates  appearin^r  buc- 
cessively,  or  in  which  one  is  liable  to  be  deceived  by  the  title  paires.  or  where  doubt 
arises  from  Iho  !ib>encc  of  dated  title  pages.  This  is  especially  the  <-ase  with  works 
nppearinf?  in  parts.  In  regard  to  plants  in  well  conducted  herbaria,  the  date  of  recep- 
tion (which  is  almost  always  that  of  distribution)  is  usually  noted  on  the  labels.    (DC.) 

B.  Vo  not  publish  a  name  without  clearly  indicating  the  nature  of  the  group  (tribe, 
genus,  sei'tion,  species  or  variety)  to  which  it  is  sup[)osed  to  belong.    (OC.) 

C.  Avidd  mentioning  or  including  in  any  publication  unaccepted  manuscript  names. 
above  all  when  the  persons  wlio  gave  these  names  have  not  formally  uulhorized  their 
]uiblicatioii.    (DC.) 

To  publish  a  name  which  cannot  be  adoiited,  or  which  is  undefined  by  the  person 
citing  it,  or  some  previous  author,  is  wantonly  to  throw  a  synonym  into  circulation,  at 
least  in  tables  and  bibliographies. 

Our  nomcnclators  would  be  of  double  size  if  they  containeil  all  the  names  which 
exist  in  travellers'  note  books,  museum  and  herbaria,  and  which  have  not  the  slightest 
value.  Names  of  this  kind  when  printed  are  slilldjorn.  M'hy  then  augment  their 
number  unless  at  least  the  author  asks  that  they  be  made  public. 


Of  the  Precision  to  be  given  to  Names  by  the  Citation  of 
the  Author  who  First  Published  them. 

XLIV.  To  be  exact  and  complete  in  the  indication  of  the  name  or 
names  of  any  group,  whatever,  it  i.s  necessary  to  cite  the  author  wlio  has 
fir>t  published  the  name  or  combination  of  names  in  question. 

A.  When  it  is  desired  to  indicate  that  the  author  proposed  the  whole 
name  in  the  form  in  which  it  is  cited,  his  name  or  an  abbreviation  of  it 
simply  follows  the  specitic  name;  as  Anomia  craniolaris,  Liunseus,  or  Lin. 
or  L. 

B.  When  it  is  desired  to  indicate  that  the  application  to  the  species  of 
the  specific  name  is  all  that  is  due  to  the  author  cited,  the  abbreviation  of 
his  name  may  be  either  (1)  enclosed  in  parenthesis  [e.  g.,  Crania  cranio- 
laris (L.)];  or  (2)  followed  by  the  abbreviation  sp.,  as  Crania  craniolaris 
L.  sp. 

C.  AVhen  it  is  desired  to  indicate  the  author  of  the  combination  cited, 
together  with  that  of  the  person  who  first  proposed  the  specitic  name,  the 
name  of  the  latter  or  its  abbreviation  is  usually  written  in  parenthesis 
followed  by  the  name  of  the  author  of  the  combination  cited  (e.  g.,  Crania 
craniolaris  (L.)  Nilss.) ;  or  the  name  of  the  author  of  the  combination 
follows  tlie  specitic  name  separated  from  that  of  the  author  of  the  specific 
name  by  the  word  ex  (example,  Crania  craniolaris  Nilsson  ex  L.).  The 
latter  mode  does  away  with  parentheses  and  seems  preferable. 

D.  When  it  is  desired  to  indicate  still  more  fully  the  relatiim  of  the 
author  of  the  specific  name  to  a  former  generic  combination,  the  name  of 
the  author  of  the  cited  combination  is  followed  by  a  parenthetical  clause 
consisting  of  the  name  of  the  author  of  the  specific  appellation  separated 
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from  tlie  designation  of  the  genus  to  wliicii  he  referred  it  by  tlie  word 
suh  ;  as  (Jnniid  craniolan's  Nilsson  (L.  i^ub  Auomiae) .  This  form  is  chiefly 
emj)loyfd  in  Hotauy,  and  is  liable  to  objection  from  its  lenglh.  (cf.  Lee. 
p.  204,  et  scq.) 

For  many  years.  LiniiKiis,  Lamarck,  Ciivier,  Blainvillc,  D'Orbigny  and  tlie  majority 
of  zoolojri.-ts,  as  well  as  the  universality  of  botanists,  in  citing  a  combination  of  words 
forming  a  specillc  name,  appended  to  it  as  authority,  the  name  of  the  author  of  the 
rombin:ition,  whether  he  were  the  aiillior  of  the  si)eciflc  name  or  not. 

iMore  lately  some  zoologists  have  followed  a  difl'erent  method,  recommended  by 
Stricklanil  in  the  B.  A.  rules  of  18t2,  but  which  was  from  the  llrst  strongly  combated  by 
Agasslz,  and  otlier  influential  naturalists. 

This  method  consists  in  ai)pending  the  name  of  the  author  of  the  specific  name  in 
all  cases  without  relerence  to  the  generic  cambinatioii. 

In  deference  to  the  said  rules  it  has  been  soniewliat  extensively  practised,  though 
open  to  several  objections  wliich  have  been  exhaustively  set  forth  by  Agassiz,  D'Orbigny, 
liourguignat,  and  DeCandoUe;  the  latter  remarking  that,  if  followed,  it  would  cause 
zoological  lists  to  resemble  a  city  directory  in  which  the  names  of  individuals  were 
classed  according  to  the  al|)habetical  order  of  their  Christian  names. 

Numerous  battles  of  words  have  taken  place  over  the  question  which  Is,  at  most, 
not  one  of  fundamental  iin|)ortance,  and  it  appears  to  your  Reporter  that  it  may  safely 
be  left  to  the  coninion  sense  of  naturalists  to  ilecide. 

There  can  be  no  question  that  the  advantage  of  precision  is  with  the  alder  method, 
which  accords  with  the  practice  of  Linnseus  an<l  the  spirit  of  the  Linnican  canons, 
while,  by  the  moile  suggested  in  IT  C,  no  uncertainty  is  permitted,  and  the  most  tender 
sentiment  of  justice,  toward  both  the  describer  and  the  rcferrer  of  the  species,  is  satis- 
fied. 

§  XLV.  In  writing  tlie  name  of  a  species  with  the  authority,  it  is  un- 
uecessaiy  to  separate  the  latter  from  the  speciflc  name  by  a  comma.    (V.) 

There  has  been  little  uniformity  in  regard  to  this  matter,  and  Prof.  Verrill  has  judi- 
ciously suggested  that  'the  best  usage  appears  to  be  without  any  punctuation,  the 
auHiority  in  this  case  being  understood  to  l)e  a  noun  in  the  genitive  case,  though  written 
in  the  nominative  form  or  more  frequently  abbreviated." 

§  XLVI.  A  change  of  the  diagnostic  characters  or  the  circumscription 
of  a  group  does  not  authorize  the  citation  of  another  author  than  the  one 
who  fust  published  the  name  or  combination  of  names. 

When  tlie  changes  have  been  considerable,  to  the  citation  of  the  primi- 
tive autlior  may  be  adiied  mutatis  diar.,  pro  parte,  excl.  gen.,  excl.  sp.,  excl. 
vnr.,  or  sucii  other  abridged  indication  as  may  indicate  the  nature  of  the 
changes  in  the  revised  group,  or  of  the  group  treated  of.     (DC.) 

Whatever  the  changes  brought  about  by  the  advance  of  science,  in  any  group  the 
fact  that  a  certain  autlior  proposed  a  certain  name  is  the  one  positive  incident  which 
can  be  recognized.    (UC.) 

Some  authors  (Riley)  object  to  this  generalization,  but  it  appears  to  be  generally 
accepted. 

§XLVII.  Names  published  from  manuscripts,  unpublished  catalogues, 
museum  hdiels  and  lierbaria,  etc.,  are  given  precision  by  citing  as  autlior- 
ity  the  autlior  who  first  published  them  in  spite  of  anj'  indication  to  the 
contrary  which  he  may  have  given.  Similarly,  names  used  in  botanical 
gardens  are  cited  as  of  the  author  who  first  published  tliem.     In  the  full 
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text  or  synonymy,  the  manuscript,  herbarium,  museum,  collection  or 
garden,  should  be  cited.  {Lam.  ex  Commers.  in  herb.  Paris;  Lindley  ex 
horto  Lolh ;  Martijn  ex  coll.  Salami. ;  Gray  ex  Leach  MSS.,  etc.)     DC. 

TIk>  |iiil)licutiun  or  the  name  is  the  essential  fact.  Tor  it  is  tliat  wliich  preserves  the 
name  Troiii  (-liaiiKO  except  fur  grave  reasons.  Tlie  ])iiljli8l)c-r  has  taken  the  principal 
Etep.  The  traveller  who  huu  obtained  a  specimen,  ami  has  perhaps  given  it  a  prori- 
siunal  name  ill  his  colleciiun.  merits  our  gratitude,  aiwl  may  have  mure  claims  to  it 
than  the  editor  nf  the  name;  whence  it  becomes  extremely  proper  to  cite  him,  in  the 
mention  of  the  halntat  or  tlie  c-ollection  accompanyin;?  the  description.  But  it  is  not 
he  who  lias  made  it  publn;  at  a  certain  date,  and  if  he  had  beeif  con»^uItcd  perhaps  he 
Would  have  applied  another  name  to  It.  It  i*  in  the  illt^■re^t  of  preci,<ion  therefore  to 
cite,  III  botany,  for  example,  the  ii.'ime  of  .Spru<:e  for  a  plant  named  and  <listrlbuteil  by 
him.  though  desi-ribed  later  by  Bentham;  and  to  cite  Benlliam  for  a  plant  of  Ilaitwcg, 
distributed  by  the  latter  under  a  number  without  a  name,  hut  afterward  named  by 
Bentham.  It  would  be  inexact  to  act  otherwise,  and  unjust  to  the  old  naturali.-ts- 
Conimerson,  for  example,  left  i)lants  in  herbaria  without  publishing  them.  If  they 
were  published  now,  so  great  have  been  the  changes  in  the  science  of  Botany,  they 
would  inilicate  a  condition  of  thing.s  of  which  that  zealous  collector,  were  he  living, 
would  be  probably  among  the  first  to  recognize  the  falsity.    (DC.) 

This,  however,  cannot  be  held  to  apply  to  cases  where  one  working  naturalist  sub- 
mits to  another  the  results  of  his  studies,  to  enable  the  former  to  complete  a  monofrraph 
or  correctly  interpret  a  fauna.  In  such  instances  the  work  may  reasonably  be  consid- 
ered a  joint  affair,  and  the  names  due  to  the  one  or  the  other  as  the  case  may  be. 

§  XLVIIL  When  an  existing  name  is  changed  in  value,  from  ))eing 
raised  to  a  higher  rank  or  reduced  to  a  lower  rank  than  that  it  originally 
held,  the  change  is  equivalent  to  the  creation  of  a  new  group,  aud  the 
author  to  be  cited  is  he  who  has  made  the  change.     (DC.) 

It  is  a  common  but  objectionable  practice  to  cite  the  author  of  a  section  or  family  as 
the  authority  for  a  genus  or  order,  or  the  reverse.  By  this  negligence  the  opinion  of 
the  primitive  author  is  misrepresented,  and  the  reader  is  deceived  in  regard  to  the 
date  of  later  name.    (DC.) 

§  XLIX.  The  authority  following  the  name  of  an  organism  is,  unless 
very  short,  usually  indicated  by  an  abbreviation.  To  effect  this  the  par- 
ticles or  preliminitry  letters  wliich  do  not  strictly  form  part  of  the  name 
are  dispensed  with,  then  the  first  letters  are  indicated  without  omitting 
any.  If  a  name  of  one  syllable  is  sufficiently  complicated  to  be  worth  the 
trouble  of  abbreviating,  the  first  consonants  are  indicated  (Br.  for  Brown)  ; 
if  the  name  has  two  or  more  syllables,  the  first  .syllable  plus  the  first  letter 
of  the  second  (or  the  first  two  if  they  are  consonants)  is  made  use  of 
(Juss.  for  Jussieu;  Rich,  for  liichard). 

A^'hen  less  abbreviation  is  desirable  to  avoid  confounding  two  names 
commencing  with  similar  syllables,  the  same  system  is  followed  by  giving 
the  fust  two  syllables  with  one  or  two  of  the  consonants  of  the  third,  or 
adding  one  of  the  last  characteristic  consonants  of  the  name  (Bertol.  for 
Bertoloni,  to  distinguish  it  from  Bertero;  Miclix.  for  Michaux  as  opposed 
to  ^Nlicheli;  or  Lamx.  for  Lamouroux  as  distinguished   from  Lamarck). 

Christian  names  are  abbreviated  in  a  similar  manner  (Adr.  Juss.  for 
Adrien  Jussieu;  Gaertn.  fils,  or  Gaertn  f.,  for  Gaertner  junior,  etc  ). 
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When  a  usage  is  establislied  for  an  old  name  in  some  other  way  it  is 
better  to  follow  it,  as  L.  for  Liiinasn.s  ;  St.  Hil.  for  Saint  Illlaire.     (DC.) 

This  rule  has  been  followed  hy  Linnaeus,  De  Camlolle,  and  all  botanists  hi>  to  a  re- 
cent d:ite.  No  particular  rule  has  been  laid  down  for  tlie  guidance  of  zooloj;i>ts,  but 
this  will  doubtless  reciminiend  itself  to  them  wlien  consiilfred.  In  some  later  works, 
only  those  familiar  with  the  literature  can  divine  whether  Bth.  is  the  equivalent  of 
Bentham,  Beuth  or  Booth,  Sz.  of  Sclinltz,  .Steetz  or  Szowitz;  or  what  is  the  equivalent 
of  Htsch.,  Uk.,  II.  Bn.,  lin.,  BH.,  Lm.,  Reich,  or  Spng. 


Of  Names  to  be  preserved  in  writing,  Dividing  or  Modifying 
the  Limits  of  Existing  Groups. 

§  L.  A  change  in  the  diagnostic  characters,  or  a  revision  wliich  carries 
with  it  tlie  exclusion  of  certain  elements  of  a  group,  or  the  iuclusion  of 
new  elements,  does  not  authorize  tlie  change  of  tlie  name  or  names  of  a 
group. 

§  LI.  When  a  group  or  genus  is  divided  into  two  or  more  groups,  the 
original  name  must  be  preserved  and  given  to  one  of  the  principal  divis- 
ions. The  division  including  the  typical  species  of  the  primitive  genus, 
if  any  type  liad  been  spccitled,  or  the  oldest,  best  known  or  most  character- 
istic of  tlie  species  originally  included  when  the  primitive  genus  was  first 
described  by  its  author,  is  the  portion  for  which  the  original  name  is  to 
be  preserved.  If  there  is  no  section  specially  so  distinguished,  that  which 
retains  the  larger  number  of  species  should  retain  the  old  name  (DC), 
but  the  latter  cannot  be  applied  to  a  restricted  group  containing  none  of 
the  species  referred  to  the  primitive  group  by  its  author  at  the  time  when 
it  was  described  or  when  he  enumerated  the  species  contained  in  it. 

The  majoiity  of  the  replies  to  query  XII  of  the  circular  concur  in  the  above. 

According  to  Linnwus  the  name  should  remain  with  the  most  common  and  officinal 
species;  an  equivocal  expression  if  there  is  one  which  is  most  common  and  another 
the  officinal  species.  The  Convolvulua  speium  and  the  Erica  vulgaris  were  very  com- 
mon and  very  anciently  named  species  when  Brown  made  of  oue  the  genus  Cahjstegia 
and  De  Caudolle  of  the  other,  his  genus  Calluiut.  It  was.  however,  much  better  to  do 
this  than  to  change  the  names  of  a  hundred  species  of  Conrolvulus,  and  two  hundred 
of  Erica.  When  there  is  no  authoritative  type,  the  number  of  species  should  always 
be  taken  into  consideration.    (DC.) 

§  LII.  When  an  author  has  specified  no  type,  it  is  then  necessary,  in 
dividing  his  genus,  to  retain  his  name  for  the  subdivision  containing  the 
species,  which  the  next  subsequent  author,  treating  of  the  genus,  has 
specified  or  regarded  as  the  typical  exemplar.  B.  A.  If  no  subsequent 
author  has  selected  a  type,  the  first  species  of  the  primitive  author  may 
frequently  be  taken  as  the  type,  or  a  species  may  be  selected  from  among 
those  originally  specified  as  belonging  to  the  genus  when  it  was  formed, 
due  regard  being  paid  to  the  necessity  of  retaining  as  many  of  the  orig- 
inal species  as  possible  in  the  division  which  is  to  retain  the  old  name. 

It  would,  manifestly,  be  liable  to  introduce  errors  and  confusion,  if  it  were  insisted 
that  the  first  species  should  invariably  be  taken  as  the  type,  or  were  it  permitted  to 
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take  8|>ocic8  Biibscqucutly  ail(h><l  t<>  tlio  (rroiip.  ami  whicli  tlic  ori^'inul  niiMior  did  nnt 
kiiuw  when  he  cslitbliblicd  Ids  gentiH.  No  urbitrary  t'idc  will  biifUcc  to  determine,  oflT- 
hanil,  f|iiesiionn  of  eo  niufh  coiiiidicallon  as  i-*  oflcii  tlii-  deci^iuii  in  regard  to  the  type 
of  an  ancient  genns  wliii-h  lias  been  studied  by  a  ninnbcr  of  aiittiurs. 

In  Ibe  llrst  of  the  above  ea^*e8  lists  are  often  iirraufjed  in  alpliabetical  or  faunistic 
order,  or  llie  abiM-rant  species  are  placed  at  or  near  tlie  l>cginning  and  end  of  the  list, 
while  the  more  gcni'ralized  and  i-liaraeteri.-.lic  spe»-ii;s  are  jiiit  betwi-en  the  others.  In 
the  sj'ciuid  case  aberrant  species  nii;<ht  be  added,  and  hnb.-eqtieiitly  taken  away  from 
the  genus,  carry  Injf  with  tlicin  the  ntime  consecrated  by  the  primitive  author  to  the  very 
group  which  the  subsctjuent  reviser  might  then  sei/.e  on  for  his  own.  .Still  more  the 
aberrant  species  carrying  the  primilire  generic  name  might  8iibse<(iienlly  be  found  to 
belong  to  a  genus  described  bclore  the  one  revised.  Then  the  name  originally  given  to 
a  valiil  group  might  be  subjei-t  to  rejection  as  a  synonym,  while  the  valid  group  itself 
which  originally  bore  that  name  was  rejoicing  under  a  new  appellation  received  from 
the  industrious  revisers  I  Absurd  as  it  may  appear,  mutatious  similar  to  this  might  be 
mentioned. 

The  answers  received  to  questions  on  this  point  in  the  circular  will  be  seen  to  be 
by  a  targe  majority  in  concurrence  with  this  section. 

§  Lin.  In  dividing  a  genus  of  wliich  there  are  already  S3-noii3'ms,  if 
these  synonynis  or  any  of  them  are  typified  by  the  same  species  or  group 
of  species  as  that  or  those  originally  selected  as  types  for  tiie  primitive 
genus,  the  names  should  be  cancelled  in  toto,  and  not  used  for  the  re- 
stricted subdivisions.     (B.  A.) 

To  use  strictly  equivalent  synonyms,  in  a  new  sense  for  different  divisions  in  one 
family,  is  sure  to  create  confusion  and  necessitate  lengthy  discriminating  i)assages  in 
subsequent  sj-nonymical  work.  When  the  so-called  .synonyms  are  founded  on  species 
belonging  to  diflercnt  sections  of  the  genus,  although  the  names  may  have  been  con- 
sidered as  co-extensive  in  their  application,  it  is  desirable  to  use  these  names  to  indi- 
cate the  division  of  tlie  genus  when  it  may  be  revised.  (B.  A.)  In  fact  there  is  hardly 
any  difference  between  the  latter  case  and  the  revival  of  a  valid  but  forgotten  name  for 
the  group  properly  designated  by  it,  and  to  which  another  legal  name  cannot  be  applied. 

§  LIV.  In  tlie  case  of  the  consolidation  of  two  or  more  groups  of  the 
same  nature  the  oUlest  name  must  l)e  retained  for  the  whole.  If  both  or 
all  are  of  the  same  date,  the  reviser  maj*  select  the  one  to  be  retained. 
(B.  A.,  DC.) 

If  a  name  of  a  genus  be  so  defined  as  to  be  equal  in  extent  to  two  or  more  previ- 
ously i)ublished  genera  it  must  be  cancelled  in  toto.  (B.  A.)  Example.  Tritonium 
MUller  was  so  deflne<l  as  to  be  equal  to  Uuccinum.  .^trombus  and  Afurex,  ot  \Annxus. 
Hence  it  should  be  wholly  rejected.  I'sardcolius  W'i>g\er  is  equivalent  to  five  or  six 
previously  i)ublished  g.'nera,and  must,  tlierefore.  be  cancelled.    (B.  A.) 

It  follows  from  the  above,  that  when  it  is  necessary  to  unite  several  groups  already 
named,  the  earliest  unobjectionable  name  must  be  retained  for  tlie  consolidated  group 
with  a  modified  diagnosis. 

§  LV.  When  it  is  necessaiy  to  divide  a  nominal  species  into  several 
species,  the  form  which  first  received  the  old  specific  name  is  the  one 
which  should  retain  it.     (DC,  etc.) 

§  LVI.  Wlien  a  section  of  a  genus  or  a  species  is  transferred  to  an- 
other genus  in  which  a  variety  or  other  subdivision  of  a  genus  or  species 
is  already  called  by  the  same  name  as  the  group  transferred,  the  group  of 
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higher  rank  (as  the  species)  retains  the  name  wliile  tliat  of  less  value  (us 
tiie  variety)  taivos  a  new  appellation.     (DC.)     Compare  §  LV'II. 

§  LVII.  When  a  nominal  genus  is  reduced  to  the  rank  of  a  subgenus  or 
a  group  nominally  of  subgeneric  value  is  erected  into  a  genus;  when  a 
species  becomes  a  subspecies  or  vice  versa;  their  respective  names  re- 
main unchanged,  provided  there  do  not  result  from  it  two  genera  or 
subgenera  of  the  same  name  in  tlie  animal  or  vegetable  kingdom,  two 
species  of  the  same  name  in  one  genus,  or  two  subdivisions  of  a  species 
of  the  same  name  in  the  same  species.     (DC) 

Kilt  in  combining  two  groups  previously  considered  as  of  equal  rank,  but  of  which 
thorcafler  one  is  to  be  subordinate  to  the  other,  the  newest  (or  least  widelj-  known 
when  both  are  of  the  same  date)  is  the  one  to  take  subordinate  i-ank;  on  the  principle 
set  forth  in  §  LIV. 

Of  a  starting  point  for  Binomial  Nomenclature. 

§  LVIII.  The  scientific  study  of  different  groups,  having  a  value  greater 
than  or  equal  to  that  of  a  class  (classis),  having  been  begun  at  different 
epochs,  and  the  inception  of  that  study  in  each  group  respectively  being 
usually  due  to  some  "epoch-making"  work,  the  students  of  each  of  the 
respective  groups  as  above  limited  may  properly  unite  in  adopting  the 
date  of  such  works  as  the  starting  point  in  nomenclature  for  the  particular 
class  to  which  it  refers:  Provided, —  that  (1),  specific  names  shall  in  no 
case  antedate  the  promulgation  of  the  Liuna^an  rules  (riiilosophia  botau- 
ica,  1751)  ;  that  (2),  until  formal  notice  by  i)Ublicatiou,  of  the  decision  of 
such  associated  specialists  (in  such  manner  as  may  be  by  them  determined 
upon),  shall  be  decisively  promulgated,  the  adoption  of  the  epoch  or 
starting  point  recommended  by  the  committee  of  the  British  Association  in 
1842,  namely,  the  twelfth  edition  of  the  Si/stema  Xaturce  of  Linnaeus 
(17G6),  shall  be  taken  as  the  established  epoch  for  all  zoological  nomencla- 
ture. Lastly,  that  (3),  when  the  determination  of  the  epoch  for  any  par- 
ticular group,  as  above,  shall  have  been  made,  the  decision  shall  be  held 
to  affect  that  group  alone,  the  British  Association  date  holding  good  for 
all  other  groups  until  the  decision  for  each  particular  case  shall  have  been 
made  by  the  Naturalists  interested  in  it,  upon  its  own  merits.  (Cf.  Lee, 
t  1,  p.  203,  et.  seq.) 

Recommended  by  the  Reporter  for  adoption. 

The  question  at  issue  is  one  upon  which  naturalists  are  unfortunately  much  <livided 
in  opinion,  and  the  diSlculties  arising  from  tliis  diversity  are  becoming  more  injurious 
to  science  with  each  succeeding  year. 

The  decision  is,  of  course,  of  fund;imcntal  importance  in  many  l)ranches  of  zoology. 
In  order  tliat  the  question  may  be  better  understood,  a  brief  liistorical  statement  is 
subjoined. 

A  series  of  rules  for  nomenclature  was  to  some  extent  foreshadowed  by  Linnajus  in 
his  FuudamenUt  Entomologia  of  1736.  Tliese  rules  were  first  definitively  proposed  in  tlie 
Philosophica  Botanica,  which  appeared  in  17.j1.  These  rules,  however,  related  almost 
exclusively  to  the  generic  name  or  noinen  genericum.  In  1745  he  had  employed  for  a 
few  species  of  plants  for  the  first  time  a  specific  name  (jnomen  triviaU)  composed  of  one 
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wctiil.  in  coiitrailistinction  to  the  polynomial  ilcscription  of  a  cpccics  {nnmen speciflcum) 
whicli  was  previoiioly  tlic  niic  nmoiiK  naturalist!*.  That  wlilrh  now  Pecine  the  nio.-t 
happy  ami  important  of  the  Linna-an  iilea-t,  the  rc'triclion  of  the  speciHr.  nanif  as  now 
iiniier»(oi)(|.  seems  to  have  been  I'or  a  lonjr  time  only  an  accesi-ory  matter  to  liiin.aH  the 
Homiua  tririalia  are  barely  meottoned  in  hi*  rnles  np  to  17(i'). 

Ill  IT.Vi,  ill  tlie  /ncrfinetitu  botmiicis,  while  expatiutiii);  on  the  refoiiiis  wliidi  he  hail 
introilni-cil  into  the  seieiwe,  he  iloes  not  even  niention  the  binoini.il  iiomi-nclatiiie.  In 
the  SyiteiiKt  Salurir,  VA.  X,  IT")'*,  for  tlie  llrst  time  the  binomial  hVhtem  i-  r-onsistently 
apiilied  to  nil  i--\:\>ses  of  orKanisni-s  (thou>;h  it  ha<l  1)een  pai'lially  ailopte<l  by  him  as 
early  a:*  ITIAj.aiul  hence  many  natiirali.-t.«  have  reganleil  the  Xth  edition  as  rurmiiig  the 
most  natural  htarting  point.  The  system  being  of  slow  ami  intermittent  growth,  even 
with  its  ori;;inator.  an  arbitrary  starting  point  is  necessary.  In  the  Xllth  eilition  {1TW>- 
C8  )  niiiiierons  changes  ami  reforms  were  iu-titntcil,  .'iml  a  number  of  his  earlier  (-pecillc 
names  were  arbitrarily  changeil.  In  fact,  LiniKvus  never  seems  to  have  reganleil  spe- 
ciflc  names  as  subject  to  his  rules. 

It  mii>t  be  observe<l  that  an  apparent  rather  than  real  <listinotion  has  been  ob- 
Bervc'l,  especially  by  botanists.  l)etween  the  citation  of  the  authority  for  names  of  gen- 
era ami  that  relating  to  speciflc  names.  In  the  early  part  of  the  eighteenth  ccniuvy  a 
few  botanists,  among  whom  Tournefort  (Ilei  llerbar.  ITlii)  may  be  particularly  men- 
tioned, had  progresseil  so  faras  to  recognize  and  nameiimler  the  title  of  genera,  gionps 
corresponding  in  most  essentials  to  the  modern  idea  of  genera.  Linnicus  himself 
adopted  a  luimbcr  of  these,  and  used  the  names  of  Tournefort  and  others  as  authorities 
after  the  generic  name  as  adopted  by  himself.  In  this  the  great  Swede  has  been  almost 
unanimously  followed  by  botanists,  though  the  names  take  date  only  from  the  time  of 
their  ailoption  by  Linnajus. 

A  vei-y  few  authors,  Bentham  being  the  most  prominent,  have  refused  to  cite  any 
one  excciit  Liiimeus  as  authority  for  sucli  genera. 

Whether  ilie  course  of  the  majority  be  considered  judicious  or  not,  it  is  now  the  ac- 
cepted usage  in  Gotany.  As  regards  names  in  general,  botanists  appear  to  agree  in 
adopting  the  date  of  the  Linnxan  Species  I'lanturum  (17.^3),  as  the  epoch  from  which 
their  nomenclature  must  begiu.  This  work  contains  the  lirst  instance  of  the  consistent 
use  of  the  nomen  triviule,  subsequent  to  the  proposition  of  the  rules  in  the  Philosophia 
Botaiiica,  to  which  modern  nomenclature  is  due. 

Binomial  designations  cannot,  of  course,  be  reasonably  claimed  to  antedate  the  pe- 
riod when  binomial  nomenclature,  in  .1  scientiflc  sense,  was  invented,  and  in  spite  of 
the  solitary  instance  of  174.>,  no  good  reason  appears  for  extending  the  range  of  scien- 
tilic  nomenclature  to  an  earlier  date  than  1751. 

In  181-2,  the  committee  of  the  British  Association  reportetl  "it  is  clear  that  as  far  as 
species  are  concerned  we  ouglit  not  to  attempt  to  carry  back  the  principle  of  priority 
beyond  the  date  of  the  twelfth  edition  of  the  Systema  Naturce.  Previous  to  that  period, 
naturalists  were  wont  to  indicate  species  not  by  a  name  comprised  in  one  word,  but  by 
a  deilnitiou  which  occupied  a  sentence,  the  extreme  verbosity  of  which  method  was 
productive  of  great  inconvenience.  It  is  true  that  one  word  sometimes  sufficed  lor  the 
dcflnition  of  a  species,  but  these  rare  cases  were  only  binomial  by  accident,  and  not  by 
principle,  and  ought  not,  therefore,  in  any  instance,  tosuperseile  the  binomial  designa- 
tions imposed  by  LiniiKus."    This  related  solely  to  zoology. 

It  is  said  that  in  the  original  draft  of  the  reiiort.  the  number  of  the  edition  of  the 
Systema  Natiirce  was  lelt  blank,  and  afterward  tilled  up  by  the  insertion  of  "twelfth." 
This  insertion  renders  the  paragraph,  otherwise  judicious  and  accurate,  gl.aringly  in- 
correct. What  motive  resulted  in  the  selection  of  the  twelfth  edition  as  opposed  to  the 
tenth,  or  of  any  special  edition  after  the  adoption  of  the  binomial  form  by  Linna?us,  has 
never  been  set  forth  in  a  satisfactory  manner.  If  any  siiecial  edition  were  chosen,  the 
tenth  has  prtnm/rtcie  claims  for  first  consideration.  It  is  as  clearly  binomial  as  any, 
and  it  is  as  consistently  so.  The  inference  from  the  paragraph  us  it  stands,  that  the 
Mus.  Tessinianum.  the  tenth  and  eleventh  editions  of  the  Systema.  the  writings  of  Pal- 
las, etc.,  were  only  accidentally  binomial,  is  too  preposterous  not  to  create  a  reaction 
against  the  committee's  reconimendatioa  in  the  miud  of  any  one  familiar  with  these 
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works.  This  has  been  the  result,  in  fact,  ami,  to  a  considerable  extent,  in  the  works  of 
the  naturalists  of  nortlicru  Europe,  the  tenth  edition  has  been  taken  as  the  starting 
point. 

The  rule  following  the  paragraph  quoted  from  the  committee's  report,  however,  con- 
tains no  reference  to  any  special  edition  or  work,  and  reads,  simply:—"  the  binomial 
nomenclature  having  originated  with  Linnxus,  the  law  of  priority  in  respect  of  that 
nomenclature,  is  not  to  extend  to  the  writings  of  antecedent  authors."     1§J,  p.  10.  1.  c.) 

There  Is  nothing  to  object  to  in  Ihis,  and  it  is  in  all  respects  reasonable  and  fair.  In 
adopting  the  tenth  edition  as  a  starting  point,  therefore,  naturalists  have  not  infringed 
on  any  of  the  original  15.  A.  rules,  but,  at  most,  disregarded  a  subsidiary  recommenda- 
tion founiied  on  an  inaccuracj-. 

In  18r>.'!,  however,  the  Association  determined  to  ovcrhatil  the  rules,  and  the  amended 
ones  .adopted  in  ISU")  contain  the  following  remarks  and  modilicatlon  of  the  second  rule  : 

•'The  Committee  are  of  opinion,  after  much  deliberation,  liiat  the  twelfth  edition  of 
the  Systema  Xutur(e,  is  that  to  which  the  limit  of  time  should  apply,  viz.,  ITOC.  Hut, 
as  the  works  of  Artedi  and  Scopoli  have  already  been  extensively  used  by  Ichthy<do- 
gists  and  Entomologists,  it  is  recommended  that  the  names  contained  in  or  used  from 
these  authors  should  not  be  affected  by  this  provision.  This  is  i)articularly  retiuislte 
as  regards  the  generic  names  of  Artedi,  afterwards  used  by  Linnieus  himsell."' 

The  original  rule  of  181-2  is  then  modifletl  (by  the  additions  indicated  in  italics)  to 
read  as  fcdlows: 

"  The  binomial  nomenclature  having  originate<i  with  Linnaeus,  the  law  of  priority, 
in  respect  of  that  nomencl;iture,  is  not  to  extend  to  the  writings  of  antecedent  authors 
and,  therefore  (sicl,  specijic  names  published  before  176G  cannot  be  used  to  the  prejudice  of 
names  published  since  that  date." 

It  would  appear  that  the  Committee  were  •'  plus  saint  que  le  Pape,"  since  they  would 
reject  names  that  Linnaeus  himself  was  ready  to  and  diil  adopt.  In  this  connection, 
Prof.  Verrill  (.\m.  Journ.  Sci.  and  Arts,  July.  I8s9)  has  made  some  judicious  remarks 
calling  attention  to  the  works  of  Pallas,  and  Thorell  has  done  the  same  for  Clerck  on 
the  subject  of  spiders. 

An  apologetic  iiaragraph,  following  the  remarks  above  quoted  from  the  B.  A.  Com- 
mittee report  for  \S(:\  inferentially  admits  the  error  of  1812,  but  goes  on  and  reaffirms 
it  on  the  ground  that  confusion  would  otherwise  result. 

It  is  very  doubtful  if  much  conlusion  would  be  caused  by  leaving  the  question 
open,  since  half  the  naturalists  of  Europe  and  America  have  already  adopted  the  tenth 
edition  of  their  own  motion,  and  the  other  half,  or  a  large  portion  of  them  may  not  un- 
reasonably be  believed  to  be  only  held  back  Irom  joining  the  others  by  a  desire  to  con- 
form to  the  rules,  even  where  injudiciously  framed. 

In  a  large  part  of  zoology,  the  change  would  make  no  difference  whatever,  since  the 
scicntitic  study  of  such  branches  has  begun  since  170(3. 

The  principle  embodied  In  the  Uule  now  submitted  by  your  Reporter,  is  inferentially 
admitted  to  be  valid  by  the  U.  A.  committee  in  their  remarks  on  Artedi  and  Scopoli. 

Since  18:5,  Thorell,  in  his  monograph  of  European  spiilers.  has  boldly  adopted,  so 
far  as  specific  names'  are  concerned,  a  plan  similar  to  that  here  recommended,  and 
takes  the  binomial  work  of  Clerck  (1757)  on  Swedish  Spiders  as  his  "epoch  maker." 

Geo.  U.  Gr;iy.  in  his  '•  Genera  of  Birds,"  adopts  the  first  edition  of  the  Systenm  (H.'Jo) 
much  in  the  botanical  sense  as  the  epoch-maker  for  ornithological  genera.  For  specilic 
names  he  does  not  go  behind  the  tenth  edition  (1758). 

Ale.x.  Agassiz,  also,  while  declining  to  be  bound  by  any  arbitrary  rules,  has  gone  to 
the  foundation  of  things  in  Echinological  literature,  and,  from  the  typical  specimens  of 
their  descrlbers,  has  brought  into  scientific  nomenclature  the  ancient  and  earliest 
names  of  Klein  and  others,  whose  work  in  this  branch  of  zoology  he  pronounces  far  in 
advance  of  their  time. 

However  inadvisable  such  changes  would  be  in  any  department  where  the  nomen- 
clature may  be  tolerably  well  fixeii;  in  those  in  which  students  are  overwhelmed  by 

^The  genera  of  spiders  are  not  affected  by  the  question. 
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the  mass  of  ui)<liK*^8ti'il  syiioiiyiny,  as  in  Concliology  ami  Kiitoinology.  it  cannot  be 
Uoulitfil  that  biich  work  IhoronKlil.v  and  aiM-tirately  done  wouhl  Ijl'  u  vast  rehul'. 

For  IhU  i't>:iH(Mi  I  caiiniit  hut  be  tin|)i'ussc<l  witli  thi^  vahio  which  Iho  coniiironiise 
here  siigKu.-<teil  might  havo  lor  varioim  bianchus  of  zoology,  bhoiild  t^iiecialistis  look 
lipon  it  favorably.  It  has  already  been  suggested,  with  luvonible  eommcnts  by  Dr. 
I^econte,  that  Kucli  a  course  .should  be  |>ursue<l,  and  the  suggestion  lias  been  uan-ieil 
elill  furllicr  in  tlio  rules  presented  for  con.sidcration  to  Aiuerican  ciitor.iologists,  by 
Messrs.  Lei'onle,  IMey  and  Saunder.s. 

Those  departnu-iits  liaving  a  tolerably  well  settled  nomenclature,  whether  trembling 
In  aiUicipatiou  of  sweeping  iiiiuivationsor  not,  wouM  thus  have  it  in  llieir  power  to 
settle  the  mutter  once  for  all,  ami  in  the  interest  of  tlic  convenience  of  all  concerned. 
Once  sellletl,  the  subsidiary  reclilli'ations  would  be  a  matter  of  tinje. 

It  may  be  enquired,  why,  after  criticising  adversely  the  selei'tious  of  the  twelllh 
edition  as  a  starting  point,  it  is  stdl  recommended  for  retention  in  the  event  of  special- 
ifils  lading  to  agree  on  any  other  basis. 

The  reasons  are,—  1st,  because  it  has  twice  been  recommendeil  by  the  British  Asso- 
ciation cmnmittee,  thus  acrjuiring  a  certain  statu?,  and  change  is  always  undesirable 
unless  it  goes  to  tlie  root  of  a  matter  and  in  a  way  to  receive  geuer.il  assent ;  and  ind, 
because  in  one  of  the  branches  most  concerned  in  the  settlement  of  the  whole  question, 
it  api)ear.s  for  the  stability  of  its  nomenclature,  to  be  a  vital  point  that  the  usage  founded 
on  the  B.  A.  rules  should  be  maintained  if  possible;  at  least  until  the  students  of  that 
branch  (Entomology)  shall  decide  on  an  epoch  for  themselves. 

If  it  Ijl*  insisted,  in  aitcordance  with  the  oM  method  that  but  one  epoch  shall  be  con- 
sidered f  n-  all  zoological  nomcuclatur(!,  it  appears  to  the  Rei)ortor  that  the  date  of  the 
tenth  edition  of  the  Si/steina  Xaturas  should  be  taken  without  regard  to  changes  neces- 
sitated thereby. 

More  tlian  half  the  replies  to  the  circular  are  In  favor  of  this  starting  point  or  one 
even  earlier,  the  botanists  of  course  insisting,  in  behalf  of  their  department,  on  1753. 

§  LIX.  In  botany  the  epoch  for  scientific  names  is  1753,  the  date  of  the 
Species  Pliintunini  of  Liniiajus. 

The  ep')chs  chosen  by  Tliorell  for  Spiders,  and  Agassiz  for  Echini,  have  already 
been  alluded  to. 


Of  Synonyms  and  Works  subject  to  Citation. 

§  LX.  It  is  advisable  in  preparing  tables  of  sjnoiiymj'  of  a  monograpliic 
chnracter,  to  divide  the  citations  into  several  groups  according  to  their 
nature,  tlie  several  citations  in  each  group  following  each  other  in  the 
order  of  their  dates  (which  should  always  be  specified)  beginning  with 
the  earliest. 

All  synonymy  is  of  an  historical  nature  but  may  be  divided  into  two 
groups  of  which  one  is  strictly  historical  and  the  other  biological.  The 
historical  series  includes  the  citation  of  all  authors  who  may  have  men- 
tioned tbe  organism  and  primarilj'  exhil)its  the  fluctuations  of  its  noineu- 
clature.     It  is  divisible  into  two  sections  : — 

1.  Pre-Linncean  or  Bibliographical,  including  citations  of  names  in 
worlvs  antecedent  to  the  epoch  adopted  for  the  starting  point  of  the 
nomenclature  of  the  class  to  which  the  organism  belongs. 

2.  Binomial,  containing  citations  of  names  from  works  in  which  the 
scientific  nomenclature  has  been  adopted. 

The  biological  series  contain  citations  of  works  in  which  additions 
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have  been  made  to  our  knowledge  of  the  organizatiou,  development,  dis- 
tribution or  genetic  relations  of  the  organism  coueerned. 

While  the  names  used  in  the  biological  series  may  properly  be  cited  in  the  liistorical 
series,  authors  iif  monographs  may  greatly  facilitate  the  investigations  of  students  by 
ai>pendiiig  to  their  historical  synonymy  a  biidogical  list,  especially,  if.  In  the  latter,  they 
add  to  the  citations  of  the  papers  or  publications  themselves,  a  word  or  two  in  i)aren- 
theses  indii-ating  tlie  character  of  t!ie  adilitions  to  knowledge  to  be  found  in  the  respec- 
tive work*,  —as  (Knibryoh)gy).  (Geogr.  Distr.),  etc. 

The  advantages  of  this  course  are  snfliciently  obvious. 

§  LXI.  Synonymy,  properly  speaking,  has  reference  only  to  names  com- 
ing under  tlie  secoiul  section  of  the  historical  series.  Its  object  is  solely 
tlie  sifting  of  the  nomenclature  of  an  organism  or  group  of  organisms, 
that  tlie  name  or  combination  of  names  which  are  entitled  to  be  perma- 
nently connected  with  it,  and  by  which  it  shall  be  denominated  in  scientidc 
literature,  may  be  definitely  determined. 

The  olyect  of  citations  in  the  biological  series  is  of  a  dilTerent  character.  Thej-  are 
intended  to  serve  as  a  guide  to  the  student  in  researches  of  a  biological  nature  as  an 
index  to  the  progress  of  investigation,  and  to  the  views  on  the  subject  held  by  different 
authorities.  As  such,  the  series  should  bo  disembarrassed  from  extraneous,  purely 
Bynonymical  citations.  Tliis  distinction,  especially  noted  by  A.  Agassiz,  has  hitherto 
beeu  much  neglected. 

§  LXII.  The  following  kinds  of  works  are  entitled  to  citation  in  bibli- 
ography, but  not  in  synonymy. 

1.  Works  antecedent  to  the  nomenclature-epoch  adopted  for  the  class 
of  organisms  concerned. 

2.  Works  subsequent  to  that  epoch  in  which  the  binomial  nomencla- 
ture is  not  consistently  adopted. 

3.  Works  not  published. 

Works  of  the  first  and  second  kind  may  often  be  advantageously  consulted  for  bio- 
logical information  and  cited  in  the  biological  series;  as,  for  instance,  Poll,  who 
ado|)tcd  a  singular  quadrinoniial  form  of  nomenclature,  but  to  whom  are  due  many 
important  anatomical  lesearches.  Xo  injustice  is  done  by  citing  an  author  for  the  real 
benefit  he  has  conferred  on  science,  while  declining  to  burden  the  latter  witli  an  incom- 
patible nomenclature. 

With  regard  to  tlic  works  of  the  second  kind  much  diversity  of  opinion  has  been  ex- 
pressed. Some  naturalists  would  accept  in  synonymy,  accidental  binomial  phrases, 
as  entitled  to  jiriority  as  names,  provided  they  occur  in  works  published  subseipiently 
to  the  nomenclntui-e-epoch.  But  in  this,  as  in  all  cases  when  tested  by  fundamental 
principles,  it  is  easy  to  arrive  at  a  conclusion. 

When  one  word  at  the  commencement  of  a  descriptive  sentence  or  phrase  is  in  ital- 
ics or  separated  by  a  comma  from  what  follows  (.as  was  the  usual  practice  amongst  an- 
cient wi-iters),  it  is  a  matter  subject  to  a  diversity  of  oi)inions  as  to  whether  this,  to- 
jrethcr  with  the  generic  name  if  any  were  employed,  forms  a  tenable  binomial  n;ime  or 
not.  Some  authors  would  ailopt  the  genus  and  considei-  tliat  no  tenable  specific  name 
had  been  employed.  Others  would  adopt  both.  Others  again  would  reject  both.  But 
the  question  as  to  whether  the  autlior  in  the  work  refei'red  to  adopted  and  consistently 
used  the  binomial  system  of  nomenclature  is  one  upon  which  no  difference  of  oi)inion 
can  exist.  It  is  a  question  capable  of  a  categorical  answer  at  once.  Hence  it  would 
seem  preferable  to  stand,  once  for  all,  on  the  solid  ground  of  certainty  and  avoid  a 
course  which  will  inevitably  introduce  a  large  amount  of  uncertainty.     This  course  is 
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that  rcroinnuMKh'd  l)y  llio  H.  A.  Itiiles  ami  alrcaily  a<l(*|iti-<l  bv  a  majority  of  natura- 
li>ts. 

It  may  Kcom  suiHTninms  to  object  to  works  of  the  third  category.  But  beside  sev- 
eral MnS  iireservi'il  in  .MuHeiiin  libraricHaiul  Horiictiines  quoted,  though  never  printed, 
tlicrc  are  a  lew  works  wliidi  have  b«'en  prliitrd  but  never  ])Ubli»lied.  This  is  the  case 
With  a  Muscuiu  Catalogue  prepared  by  Link  about  IKUC. 

It  was  priuteil  and  contained  a  host  of  new  names.  But  wlielher  the  author  was 
asliamed  of  hi.-*  work,  or  the  authorities  of  the  University  declined  to  be  sponsors  for 
the  innovations,  the  work  w.as  never  offered  for  sale,  distributed,  or  advertised  by  the 
author. 

Only  one  copy  Is  deflnitely  known  to  have  oscaperl  from  the  University  cellars,  and 
it  has  been  st;ited  that  the  remainder,  or  mostof  them,  were  deslroyeil  by  lire.  Yet  in 
].S,")1.  Ilie  solitary  copy  having  been  discovered,  one  or  two  .-inthors  callcil  attention  to 
it  and  demanded  that  tliesc  names  should  take  i>rcceileni'c  of  those  of  Lamarck  and 
others,  which  had  been  in  u^e  for  nearly  half  a  century.  A  few  writers  have  adopted 
Uiis  suggestion,  and  In  one  branch  of  sciencie  at  least,  deplorable  confusion  has  resulted. 

The  auctioneer's  catalogue  of  Bolten's  collection  printed  in  lT'.i8,  but  Ibrtunately 
containing  no  diagnoses,  and  of  whii-h  only  one  or  two  copies  are  known,  falls  nearly 
in  the  same  category.    A  reprint  was  made  in  181!)  but  is  also  one  of  the  rare.-t  of  books. 

§  LXIII.  To  avoiti  increasing  the  dilficnlties  encountered  in  dealing 
■with  tiie  already  enorniou.s  nia.ss  of  scientific  names,  autliors  are  earnestly 
recommended  to  take  the  following  precautions  in  publication. 

1.  To  publisii  matter  containing  descriptions  of  new  groups  or  species 
in  the  regularly  appearing  proceedings  of  some  well  established  scientific 
society,  or  in  some  scientific  serial  of  acknowledged  standing  and  peruia- 
ueuce. 

2.  If  a  separate  publication  or  independent  work  be  issued  by  any 
author,  copies  should  at  once  be  sent  to  the  principal  learned  societies, 
scientific  libraries  and  especially  to  those  persons  or  associations  known 
to  be  engaged  in  the  publication  of  bibliographical  records  or  annual 
reviews  of  scientific  progress.^ 

The  work  should  also  be  placed  at  the  disposition  of  the  scientific  world 
by  an  advertisement  of  copies  placed  in  the  hands  of  some  firm,  society 
or  individual,  for  sale  or  distribution. 

3.  To  avoid  most  carefully  the  publication  of  new  names  or  changes  of 
nomenclature  in  newspapers;  serials  not  of  a  scientific  nature  or  of  lim- 
ited circulation  ;  in  the  occasional  pamphlet  issues  by  weak,  torpid  or 
obscure  associations  which  are  distributed  only  to  members  or  not  at  all: 
and  in  brief  lists,  catalogues  or  pamphlets  independently  issued,  insuffi- 
ciently distributed  or  not  to  be  found  on  sale. 

The  question  of  the  restriction  of  the  nature  of  the  channels  through  which  addi- 
tions to,  or  changes  in  nomenclature  may  be  made,  so  as  to  exclude  from  considera- 
tion in  synonymy  such  publications  as  do  not  conform  to  the  proposed  restrictions, 
has  frequently  been  mooted.  It  was  touched  on  in  your  llejiortei-'s  circular  (XXV, 
XXVI)  but  the  replies  were  almost  unanimously  to  the  effect  that  however  desirable 
it  may  be,  the  plan  is  impracticable;  a  judgment  in  which  the  Reporter,  with  some  re- 
luctance, feels  obliged  to  concur. 

It  is  clearly,  however,  the  duty  of  every  publishing  author  to  concur  as  far  as  pos- 

2  This  can  at  present  easily  be  done  with  hardly  any  expense,  in  this  country 
through  the  Smithsonian  Institution  and  its  agents. 


ON    ZOOLOGICAL    NOMENCLATLRli.  -it 

Bible  in  the  siippi'essioii  of  methods  leadinp  to  confusion.  The  above  rccomnicmla- 
tions  are  intciuled  to  load  toward  this  result.  In  the  era  of  numerous  serials  of  high 
scienlilU'  st:inding  as  well  as  learned  societies  established  on  a  iiermanent  basis,  there 
does  nut  seem  to  be  any  good  reason  for  failing  to  roniidy  witli  such  regulations  as 
may  be  best  titled  to  advance  the  convenience  and  best  interests  of  all. 

§  LXIV.  The  majority  of  naturalists  intoiTStod  in  the  study  of  any 
special  class  of  or?;aniMns  may  properly  unite  in  expressing  an  opinion  in 
regard  to  any  particular  work  treating  of  those  organisms,  in  regard  to 
the  suflicient  publication  of  wliich,  at  a  certain  date,  doubts  may  exist; 
as  to  whether  said  work  be  entitled  to  be  quoted  in  synonymy  as  Avell  as 
in  liistorical  and  biological  bibliography. 

It  is,  therefore,  recommended,  that  in  such  cases  should  a  decisive  ex- 
pression of  opinion  seem  necessary  or  desirable  for  the  benefit  of  sci- 
ence ;  —  1st,  that  due  notice  of  the  proposed  action  be  previously  given  to 
those  interested  ;  2nd,  that  when  the  action  has  been  had  that  the  results 
should  be  as  widely  published  as  possible;  3rd,  that  the  decision  of  the 
majority,  once  made,  be  concurred  in  cheerfully  by  all  the  naturalists  in- 
terested for  the  common  good. 

Almost  every  department  of  zoology,  witliin  tlie  last  twenty-live  years,  has  suffered 
from  the  discovery  of  some  utterly  forgotten  work,  in  wliich  names  had  been  api)lied 
to  objects  subsequently  made  known  to  the  scieutiflc  world  under  other  aiipellations 
which  lattei  have  been  generally  adopted.  Such  obsolete  works  are  generally  of  no 
intrinsic  scientific  value,  and  are  only  recalled  to  public  notice  by  the  action  of  the  lex 
prioritatis  on  the  names  they  may  contain.  Even  when  at  the  time  of  their  production 
they  formed  an  advance  on  the  knowledge  of  that  day,  it  is  inevitably  the  case  at  pres- 
ent that  this  advan<'e  is  immensely  behind  the  jiresent  state  of  the  science,  so  that 
■while  the  restoration  of  the  obsolete  names  is  in  accordance  with  the  principles  which 
rightfully  govern  nomenclature,  tlie  effect  upon  biological  study  (of  whicli  nomencla- 
ture is  only  one  of  the  conveniences),  is  positively  harmful.  Names  sanctioned  by 
j-ears  of  usage,  common  to  the  whole  literature,  having  a  traditional  as  well  as  a  pres- 
ent value,  and  standing  for  certain  verilied  conclusions,  are  replaced  by  unfamiliar 
terms,  which  ai-e  perhaps  conceived  in  error,  foreign  to  modern  scieutitic  literature, 
and  too  often  requiring  the  transposition  of  other,  and  familiar  names  from  groups  in 
connection  with  which  they  are  universally  known  perhaps  to  groups  equally  well 
known  under  some  other  name,  thereby  producing  the  most  lamentable  confusion. 

It  is  evident  that  the  utmost  care  must  be  taken  in  dealing  witli  the  subject,  since 
any  general  rule  intended  to  arbitrarily  discriminate,  would  be  only  too  liable  to  react 
injuriously  on  other  (Jortions  of  nomenclature,  in  a  waj-  to  make  the  justice  of  the  rule 
questionable,  bring  its  authors  and  supporters  into  disrepute,  and,  by  failing  to  induce 
uniformity,  to  aggravate  the  dilBculty  it  was  intended  to  overcome. 

Many  naturalists  have  given  much  thought  to  the  subject  and  various  propositions 
have  been  suggested  as  a  remedy.  One  of  tliese  which  seems  most  reasonable,  and 
which  a  number  of  naturalists  agree  in  supporting,  is  to  the  effect  that  a  name  which 
has  not  been  in  use  for  (say)  twenty-flve  years,  shall  be  excluded  from  use  thereafter 
in  that  special  connection,  as  by  a  statute  of  limitations.  (Kiley,  Lee.)  Others,  as  Mr, 
Lewis,  desire  that  only  such  names  as  are  actuallj'  "in  use"  at  a  certain  period  shall 
be  retained. 

The  objection  to  the  first  method  is  that  it  is  arbitrary,  that  it  will  not  necessarily 
produce  permanency  (for  some  other  work  just  within  the  limit  of  time  may  turn  up 
and  reverse  the  decisions  founded  on  the  supposition  that  a  certain  name  had  not  been 
'•in  use"  within  the  period),  and  especially,  as  also  in  tlie  second  case,  that  "  the  term 
''in  use"  is  not  susceptible  of  an  exact  deflnition.  The  proposition  of  a  name  by  an 
author  may  or  may  not  cause  it  to  be  "iu  use".    It  may  be  overlooked  or  rejected  by 
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otlitTs,  or  without  fiu-hoini'  lime  iippcnring  in  any  other  imblication,  it  in.-iy  bo  in  very 
general  use  in  lettiTc,  niiiscuni  labels,  etc.  Everyboily  who  is  giiiileil  in  his  work  by 
the  particular  views  of  the  author  referred  to,  in  one  genso  ''uses"  the  name  though 
he  may  never  publish  it  on  his  own  nceount.  No  one  can  ever  be  sure  that  a  contem- 
porary name,  even  if  glaringly  erroneous,  nuiy  not  be  (by  the  ignorance  or  error  of 
Bome  provincial  naturalist)  accepted  in  various  obscure  publications. 

Hence  it  would  appear  that  these  propositions  are  impracticable,  and  this  is  the 
opinion  of  a  very  large  number  of  the  American  naturalists  who  rei>lied  to  the  cir- 
cular in  which  the  (|ue.-tiiin  was  submitted  to  them  (XXI,  XXII). 

The  oi\ly  other  resoiiri-e  wnnld  then  appear  to  be  eitlier  (I),  the  pnl)li(-Htion  of  n  list 
of  name*  in  any  speci.-d  group  with  their  typori,  wliicli  all  tlie  Ni)eciali>ts  of  tliat  group 
wouhl  agree  lo  accept,  or  {■!),  some  such  course  as  the  one  suggested  by  the  forci,oiDg 
§  LXIV. 

The  first  is  clearly  impracticable,  since  perfection  in  nomenclature,  as  in  other 
things,  is  a  relative  term,  and  but  a  small  pro|(ortion  of  the  names  could  be  settled 
with  certainty,  Irom  the  constant  progress  of  our  knowledge  of  the  relations  of  organ- 
isms. 

The  second  seems  to  be  the  bnly  practicable  metho<l.  The  difficnliies  which  all  nat- 
uralists deplore,  in  the  main  arise,  in  each  specialty,  from  some  one  or  two  obnoxious 
works.  The  course  proposed  by  Alfred  U'allace  (Trans.  Entom.  Hoc,  Londun,  1?71, 
LXVIII).  recommeudeil  by  Dr.  LeConte  (p.  210),  and  acted  on  in  the  "Rule'  to  be  sub- 
mitted", etc.,  of  Messrs.  LeConte,  Saunders,  and  Udcy  (TT IV),  in  respect  of  this  partic- 
ular case,  seems,  to  yourlleporter  to  indicate  the  proper  method  of  cutting  the  Gordiun 
knot  and  to  be  well  worthy  of  consideration. 

It  should,  however,  be  clearly  borne  in  mind  that  this  process  is  one  that  requires 
the  greatest  impartiality  and  delicacy  in  its  application,  and  can  only  be  justified  by 
paramount  necessity  in  any  particular  case.  It  is  not  in  consonance  with  some  of  the 
general  principles  of  nomenclature,  can  only  be  accepted  when  applied  with  self-evi- 
dent propriety,  and  any  license  or  abuse  of  the  power  it  implies  would  react  against 
the  authors  and  make  the  last  state  of  the  science  worse  than  the  first. 


Of  Names  to  be  Rejected,  Changed,  or  Modified. 

§  LXV.  A  name  cannot  be  changed  under  tlie  pretext  that  it  is  badly 
chosen,  that  it  is  not  agreeable,  that  another  is  better  or  more  widely 
known,  that  it  is  not  of  a  sufficiently  pure  Latin  derivation,  or  for  any 
other  contestable  or  valueless  motive.     (L)C.) 

§  LX VI.    A  name  should  be  rejected  under  the  following  circumstances : 

1.  When  this  name  has  previously  been  applied  in  a  tenable  manner  lo 
another  valid  group  of  organisms  in  the  same  kingdom.    (DC,  Lee,  B.  A.) 

2.  When  it  is  already  ai)plied  to  another  species  in  the  same  genus,  or 
to  another  subdivision  of  a  species  in  the  same  species.     (DC,  B.  A.) 

3.  When  it  expresses  an  attribute  or  character  positively  false  in  the 
majority  or  the  whole  of  the  group  in  question,  as  in  cases  (among  others) 
when  a  name  has  been  founded  on  a  monstrous,  abnormal,  immature,  arti- 
ficial or  mutilated  specimen  ;  or  when  a  geographical  specific  name  is  that 
of  a  country  entirely  i-emoved  from  the  faunal  or  floral  grand  division  to 
which  the  species  belongs.     (DC,  B.  A,  Th.,  V.,  Bourg.) 

4.  When  it  is  formed  of  two  words  belonging  to  diflferent  languages,  as 
eu  put  before  a  Latin  name,  sub  before  a  Greek  name,  oides,  opsis,  suflixed 
to  a  Latin  name,  etc.     (DC,  Th.,  etc.) 

5.  When  it  is  contrary  to  the  provisions  of  §§  L  -  LIX. 
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6.  When  it  was  published  in  a  work  not  entitled  a  priori  to  be  cited  in 
synonymy  (§  LXII),  or  wliicli  has  been  detinitcly  excluded  from  synonymy 
by  such  action  as  is  su-jgosted  in  §  LXIV. 

7.  When  it  outrages  decency  or  religion.     (Lee.  202,  ^  5.) 

It  has  happened  that  p^-son3  of  scientific  acquirements  but  of  unbalanced  mind  or 
depraved  taste  liave  ai)|)lied  gros.-ly  indecent  or  blasphemous  names  to  smulry  organ- 
isms. It  would  seem  as  if  a  more  thorougli  punishment  coulil  hardly  be  devised  tlian 
the  permanent  attachment  of  their  names  as  authnrity  to  the  appellations  referred  to. 
But,  since  those  names  would  remain  a  stigma  on  science  as  well  as  on  their  origina- 
tors, and  would  outrage  the  feelings  of  a  majority  of  naturalists,  it  is  probably  better 
that  they  should  be  suppressed.  A  few  olil  names,  originally  in  bad  taste,  have  become 
so  identified  with  the  organisms  they  indicate,  as  to  have  ceased  to  be  seriously  offen- 
sive, and,  being  consecrated  by  usage,  need  uot  be  disturbed. 

8.  When  the  name  has  never  been  defined,  and  a  properly  defined  name 
has  subsequently  been  applied  to  the  same  group,  the  earlier  name  should 
be  rejected. 

If  the  earlier  name  be  known  to  the  describer  he  will  do  well  to  define  and  aclopt  it 
when  it  will  be  accredited  to  him  as  authority,  thus  saving  a  synonym,  but  when  this 
course  has  not  been  adopted  it  is  too  late  to  establish  the  undefined  name. 

9.  When  a  name  belonging  to  the  Latin  or  to  a  modern  language,  and 
having  an  unquestionable  and  specific  signification,  is  applied  to  a  group 
which  it  cannot  by  its  etymology  properly  indicate  it  must  be  rejected. 
(Th.) 

Thus  Tarantula  Fabvicius  (1793),  not  being  the  historic  tarentula  is  properly  rejected 
for  the  later  Phrynus  Oliv.,  and  the  former  name  is  applied  to  the  true  tarentula  of  the 
ancients.  (Th.)  But  if  another  name  had  been  the  first  applied  to  the  true  tarentula, 
in  scientific  nomenclature  it  could  not  have  been  suppressed  to  revive  the  classical 
name.  There  are  very  few  instances  where  the  species  can  be  identified  with  snfli<'ient 
certainty  to  justify  the  rejection  of  a  name  on  the  above  ground  as  held  by  Thorell. 

10.  When  a  name  is  identical,  when  properly  spelled  according  to  a 
derivation  given  by  its  author,  with  a  prior  valid  name  in  the  same  king- 
dom, it  must  be  rejected.     (Th.) 

This  is  sufficiently  obvious. 

§  I.XVII.  When  a  name  has  been  used  in  one  kingdom  subsequent  to 
1S42,  it  should  thenceforth  be  ineligible  for  use  in  the  same  kingdom  ex- 
cept within  the  same  order  (ordo)  in  which  it  was  originally  applied. 

It  would  be  better  for  Science  if  all  names  which  have  once  been  used  should  there- 
after \je  ineligible  in  the  samekingdom.    (Th.,  Bd.) 

But  previmisly  to  t!ie  i)romulg:ition  of  the  B.  A.  rules  little  intercourse  existed  be- 
tween ttie  naturali.-^ts  of  difl'erent  countries  comi)ared  with  what  now  obtains.  Suit 
has  happeneil  that  the  same  name  has  been  used  several  times  for  difl'erent  g-oups,  ;ind 
in  some  of  these  cases  being  certainly  invalid,  has  been  applied  to  the  first  v.ilid  group 
for  which  it  had  been  proposed.  In  this  manner  it  may  have  come  into  general  use  ami 
to  reject  such  names  in  some  cases  would  cause  confusion. 

It  may,  therefore,  be  considered  as  too  late  to  propose  a  radical  change,  though  l>y 
Baird,  in  ornithology,  and  others,  this  prini-iple  has  been  carried  to  its  conclusions. 
But  for  more  modern  names  the  adoption  of  some  such  method  seems  urgently  called 
for. 

A.  A.  A.  s.,    VOL.  XXVI.  4 


60  KKroKT    OK    IIIK    CUMMITTKE 

It  nii>,'lit.  at  flr-t  sight,  seem  as  if  the  reverse  of  the  rule  proposed  woiiM  be  desir- 
able, i.  e..  tli:it  the  nniiic.  If  used  tigain  at  all,  hhoiild  be  valid  only  In  another  order  thun 
that  In  whirh  it  was  lli>t  pniiiisefl.  Iliii,  in  the  ^leat  nmltiplicatiou  >•{  gunera  bmnjiht 
abciiil  in  recent  year-,  many  are  nl■ce^-arily  tentative,  and  depend  for  tlieir  adoption 
on  tliu  juclgnienl  of  the  best  niitliorities  for  the  |iartieular  order.  t>onie  may  hold  a 
genu'  valid,  others  reje<'t  it.  It  i»  not  reasonable  tliat  students  of  one  gioup  bliould  be 
kept  waiting  until  a  dellnitedecibion  is  arrived  a',  (even  if  that  were  pos^ible)  in  another 
group  witli  whii-li  thc>  arc  not  familiar,  and  until  the  ^tudellts  of  the  latter  group  have 
decided  whellier  to  a<lopl  or  rejeet  a  name  which  has  been  used  in  both  orders. 
(Scudtl.) 

Shall  the  student  of  Ilrachiopods  wait  until  the  Dipteiologist  fhall  decide  the  value 
of  Uobineau  Desvoidy's  genus  itegcrlia,  before  the  former  t-liall  be  able  to  adopt  or 
deflnitely  reject  MftjerlUi  "f  King  ?  It  has  not  been  done  in  lorty-ll  ve  years,  and  Meger- 
lia,  King,  is  ^till  in  llie  linilio  of  names  without  a  clear  title.  This  is  undesirable  and 
wrong.  Lot  the  student  "f  flies  decide  for  himself  whether  he  can  retain  De»voidy'8 
name  or  not,  but  lettlie  nieic  fact  that  it  has  been  used  in  a  diffeicnt  class  (clasfeis) 
enable  the  studentof  brachlopodsto  reject  it,  and  place  his  own  terminology  on  a  sound 
foundation. 

Ui)on  the  validity  of  the  genus  Pelagia.  Peron  and  Leseuer  depends  the  right  to 
exist  of  eight  or  nine  olhergeneric  names  in  different  classes.  By  the  method  usually 
tolerated,  these  questions  can  never  be  settled.  Let  all,  except  the  student  of  Acalephs, 
then,  have  the  right  to  wipe  out  the  name,  PcUigia. 

It  would  be  vastly  better  if  this  principle  could  be  applied  to  all  names;  but  it  will 
be  at  least  a  partial  and  important  relief  to  be  permitted  to  apply  it  to  those  of  modem 
date. 

§  LXVIII.  Wlien  an  inelegant  combination  has  been  the  result  of  using 
for  the  name  of  a  new  genus,  a  name  or  a  modification  of  a  specific  name 
borne  by  a  species  whicii  is  to  be  contained  within  the  new  genus,  the 
fact  is  not  a  sufficient  reason  for  rejecting  the  generic  or  changing  the 
specific  name.     (L.,  Ag.,  Th.,  etc.) 

This  necessarily  follows  from  §  LXV,  but  it  seems  desirable  definitely  to  state  it. 

The  practice  is  objectionable  on  account  of  its  producing  tautological  inelegance, 
and  because  it  has  resulted  in  the  formation  of  a  number  of  generic,  names  of  adjective 
Jorm. 

On  the  other  hand,  in  connection  witli  certain  of  the  Linnxan  and  other  ancient  and 
universally  known  species,  it  had  several  very  beneficial  efl'ects.  It  recalled  the  typical 
form  for  which  the  genus  was  constituted,  and  in  many  ca-es  it  might  rightly  be  re- 
gar(le<l  rather  as  a  change  ol  rank  than  the  creation  of  a  new  name.  Tlie  ancient  spe- 
cies (ex.  Valuta  olira  Lin.,  genus  OUva  Brug.)  often  coveied  an  assemblage  of  forms 
equivalent  to  a  modern  genus.  A  vast  number  of  the  old  names  were  thus  constituted 
by  Linnseus,  Lamarck.  Cuvier,  Agassiz.  and  the  lathers  of  science. 

Their  practice  was  to  replace  the  old  specific  name  by  a  new  one.  This  practice 
was  reaffirmed  by  the  B.  A.  committee  in  1842,  as  follows:— "§  13.  A  new  specific 
name  must  be  giviu  to  a  species,  when  its  old  name  has  been  adopted  for  a  genus 
which  includes  that  species."  The  usage  was  very  projierly  condemned  by  the  Com- 
niiitee.  as  its  benefits  do  not  extend  to  little  known  modern  specific  names,  while  the 
objections  to  it  aie  as  forcible  as  ever. 

But  in  1SG5  the  Committee  decided  that  the  usage  of  a  centui-y  must  be  reversed, 
and  the  following  niodifieil  rule  was  the  result. 

'■§  13.  A  specific  name  must  not  be  altered  to  use  that  name  for  the  genus;  where 
this  has  been  already  done  the  old  specific  name  must  be  restored,  and  a  new  generic 
name  given  to  prevent  an  inharmonious  repetition." 

This  innovation,  the  sweeping  character  of  which  the  Committee  cannot  have  real- 
ized, if  carried  into  effect  would  uproot  hundreds  of  the  generic  names  best  known  to 
science,  aud  so  familiar  tliat  tiic  fact  that  they  were  originally  specific  names  has  been 
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almost  totally  forgotton.  Its  spirit  is  oppo-ied  to  (lie  fundamcnt.'tl  pi  inciplos  of  nomen- 
clature, mill  tliet'iiil  to  be  galneil  is  ol'llie  lnl>^t  ii  ivi:il  ••havacter.  Tlienaiii  in  elcj^ancc 
is  not  apparent  in  the  substitution  of  <'r(i.<airiiius  (.')  tor  Mcrcenariti,  or  Tolteniuna  {.'.') 
for  O'emmn.  as  generic  names.  lint  a  lew  naturalists  have  followed  the  new  method, 
and  the  replies  CO  a  question  (XI)  on  the  -■'ubjei-t  included  in  your  Reporter's  circular 
have  been  practically  unanimous  in  favor  of  the  rule  as  here  s-tated. 
'  In  cases  where  the  specilic  name  was  changeil  by  the  author  of  the  genus  and  has 
come  into  general  use.  no  gi>od  end  will  be  gained  by  attempting  to  revert  to  the  now 
forgotten  original  specKlc  name.  The  retention  of  the  hitter  is  reconiim-ndcd  im-rely 
forsuch  cases  as  have  given  rise  to  controversy,  or  where  the  substituteil  speciiic  name 
has  not  come  into  use.  It  is  a  singular  fact  that  several  of  the  more  glaring  instances 
cited  as  examples  of  inelegance  by  those  in  favor  of  the  innov.ition  show,  when  inves- 
tigated, that  the  circumstances  have  not  been  understood.  Thus,  the  oi-iglnal  generic 
name  of  Gemma'  gemma  Deshayes  was  not  Gemma,  and  neither  the  generic,  nor  the 
6i)ccilic  name  of  Gari  gari  Schumacher  is  tenable;  since  the  first  is  improi)erly 
formed  and  should  be  Giria,  while  the  latter  was  applied  by  Hum|>h.  anon-binomial 
author,  and  is  a  vernacular  and  not  a  Latin  or  latinized  term.  But  in  this,  as  in  other 
cases,  the  usage  of  a  hundred  years  and  the  Hxity  of  nomenclature  will  outweigh  any 
consideration  of  mere  elegance. 


Of  Changes  of  Names. 

§  LXIX.  An  author  has  no  rights  in  regard  to  the  change  or  rejection 
of  names  of  his  own  proposition,  except  those  wliich  ai'e  common  to  all 
naturalists,  and  authorized  by  the  rules  of  nomenclature.     (DC,  Th.) 

When  a  name  has  not  come  into  use,  and  its  originator  proposes  a  change 
not  coutrar}'  to  the  spirit  of  nomenclature,  it  may,  out  of  courtesy,  be 
adopted  i)y  others  and  by  usage  become  justified,  even  when  not  directly 
autiiorized  by  tlie  rules.  But  wlien  such  aciiange  is  in  direct  opposition 
to  the  rules  it  caunot  be  sustained.  An  author  has  the  same  rights,  no 
more  and  no  less  than  otiier  naturalists,  over  names  he  himself  has  pro- 
posed,    lu  effect  publication  is  a  fact  which  cannot  be  annulled.     (DC) 

§  LXX.  The  name  of  a  cohort,  subcohort,  family  or  subfamily,  tribe  or 
subtribe,  should  be  changed  when  the  genus,  from  whose  name  it  is  de- 
rived, is  known  to  no  longer  form  part  of  a  group  in  question.     (DC) 

§  LXXI.  When  a  section  or  subsection  of  a  genus,  preserving  its  rank, 
is  transferred  to  another  genus  in  which  there  is  already  a  subordinate 
group  bearing  the  same  title,  tiie  first  mentioned  name  should  be  changed. 
(DC) 

§  LXXII.  When  a  species  is  transferred  from  one  genus  to  another,  in 
which  latter  there  is  already  a  species  of  the  same  name,  the  newest  of 
the  two  identical  specific  names  should  be  replaced  by  its  first  tenable 
synonym,  or  by  a  wholly  new  specific  name  if  there  be  no  synonyms. 

When  a  species  has  received  a  new  name  by  reason  of  the  existence  of  a  prior  valid 
species  of  the  same  name  in  the  same  genus,  and  this  second  specific  name  has  become 
fixed  by  usage,  it  is  not  necessary  in  subserjuent  transfers  to  recur  to  the  first  rejected 
specific  name,  unless  some  beneficial  end  is  to  be  attained. 

»  Possessing  Deshayes  original  MSS.,  I  am  able  to  say  that  his  name  was  Gemmula 
and  not  Gemma,  which  latter  was  a  typographical  error.    He  did  not  see  the  proofs. 
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To  illu.'-tnilo  this  liy  a  ^•l||>|lo.silitil>U8  e\!iiii)ile  lot  um  as'-mno  that  n  ISnrcinum  struttum 
WU8  duhcrilieii  by  Liiiicfus;  thai  Lainiin-k  siib8C(|iieiitly  «le»cril)ctl  ii  Dwcinum  striatum 
WliOBL'  naiiu!  wa-<'liaiif;etl  by  Wood,  on  n<;('i)iiiit  ol'the  fxisti-iice  of  the  LiDiiiean  species, 
to  D.  rui/osiim.  II.  rnyoanm  is  fotiixl  to  belccig  to  the  (;eniiH  Xassa.  Yet  it  is  not  imper- 
atively necessary  to  change  the  name  Xasga  mgona  (Wooil),  to  X.  strutta  (Lam  ),  after 
it  liad  come  into  use.  Utit  iftliere  hail  boen  already  i\  S'ansa  riujosa,  i-xcn  if  of  later 
date  than  Wood's  description,  it  woulcl  then  bo  better  to  reinstate  the  name  striata 
Lam.,  and  thus  conflnu  all  the  changes  to  one  species  instead  of  embroiling  two. 

§  LXXIII.  When  a  subspecies,  variety,  orotlier  subdivi.sloii  of  aspecie.s, 
5s  refenotl  to  aiiotl\cr  species,  the  name  of  the  former  slioiild  he  chan^^cd, 
if  tlie  hitter  already  contains  a  modification  of  the  same  rank  or  liiud 
bcarinji:  the  same  name.     (l^C.) 

§  LXXIV.  When  a  c:roiip  is  transferred  from  that  whicli  contains  it  to 
another,  and  tlie  lirst  preserves  its  oriuiual  raulv,  its  name  should  be 
cbanijed,  if  it  becomes  senseless,  or  an  evident  cause  of  error  and  confu- 
sion in  the  new  situation  in  which  it  is  placed.     (DC.) 

§  LXXV.  In  the  precedinj;  cases  the  name  to  be  changed  or  rejected 
is  to  be  replaced  by  the  oldest  valid  name  of  the  group  concerned;  or^  if 
there  be  none,  a  new  name  .should  be  created.     (I^C.) 

§  LXXVI.  Names  of  groups  having  liigher  than  generic  ranlc,  may  have 
their  terminations  modified  to  render  them  conformable  to  nsage  or  the 
rules.     (DC.) 

§  LXXVII.  When  a  name  (1)  stated  by  the  author  to  be  derived  from 
certain  Greek  or  Latin  words  exhibits  a  glaringly  faulty  construction;  or 
(2)  when  its  orthography  is  evidently  erroneous;  or  (3)  when  a  name 
taken  from  the  name  of  a  person  has  not  been  written  according  to  the 
real  orthography  of  his  name;  or  (4)  when  a  wrong  gender  has  been  at- 
tributed to  a  name  by  its  termination,  either  by  its  not  agreeing  in  gender 
with  the  genus  to  whicli  it  is  referred,  or  from  some  internal  inconsistency 
in  the  name  itself:  —  Xaturalists  are  authorized  to  correct  the  faulty  name 
or  the  faulty  termination,  provided  the  name  be  not  very  ancient  and 
universally  received  under  the  erroneous  form.  This  authority,  however, 
should  be  used  with  great  reserve,  particularly  if  the  change  will  affect 
the  first  syllable,  and  above  all  the  first  letter  of  the  erroneous  name. 
(DC,  Th.,  B.  A.) 

1.  Some  naturalists  would  leave  unchanged  all  errors  of  construction,  no  matter  how 
glaring,  and  correct  only  orthographical  errors,  but  by  far  the  greater  number  including 
the  B.  A.  committee  regard  serious  errors  of  both  kinds  as  subject  to  reformation. 
Mongrels  or  compound  mutilates  are  generally  rejected  (Th.)  when  they  cannot  be  re- 
formed. Valenciennevsis  Rousseau,  intended  for  a  generic  name,  has  probably  been 
changed  to  Valenciennesia  by  Fischer. 

2.  In  latinizing  Greek  words  there  are  certain  rules  of  orthography  which  should 
never  be  departed  from.  (B.  A.)  Hence  su<,-h  names  as  Aipucnctnia.  Zenophasia, 
Af/kistrodon.  mnst.  acording  to  the  rules  of  etymology  (see  §  LXXXIV),  be  written 
./Epycnemid,  Xenophasia,  Ancistrodon  and  have  accordingly  been  changed. 

3.  For  instance,  Mangilia  Risso,  derived  from  the  name  of  Mangili,  an  Italian  natu- 
ralist, has  been  most  generally  written  erroneously  Mangelia. 

But  to  change  certain  universally  known  names  on  account  of  erroneous  orthog- 
raphy would  be  very  inconvenient.    For  instance,  in  the  Botanical  Congress  at  Lon- 
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don.  in  ISCfi,  it  was  pi-opo?eil  to  modify  llie  name  Cinchona,  on  the  ground  that  it  was 
uauRMJ  alter  tlie  Cuiintcss  Cinchona,  but  the  majority  of  the  botanists  present  advised 
the  continuance  of  the  established  usage. 

Oumldia  is  very  l.ir  from  Gumlclscheimer,  but  since  the  ancient  botanists  permitted 
this  license  and  it  has  been  consecrated  by  a  hundreil  years  of  habitual  use,  why 
chanu'e  it  ?  The  purists  alone  remember  Gundulsclieimor,  and  the  nan>e  Gundelia  has 
been  acceptcilas  an  arbitrary  name.  In  tlicsc questions  it  is  necessary  to  bear  m  mind 
that  the  llxity  of  nomenclature  is  the  interest  of  greatest  importance,  and  that  a  natu- 
ralist has  the  ri;rht  (under  certain  limitations)  to  construct  a  generic  name  in  any  man- 
ner whatever;  forexam|)le,  in  a  way  which  may  resemble  the  name  of  a  person.  (DC.) 
Vernacular  names  will  be  hereafter  considered. 

4.  Thus,  a  Scalaria  named  after  Miss  Turton  is  to  be  written  S.  Titrtome  and  not  S. 
Turtoiii.  Names  of  nymplis  and  goddesses  are  necessarily  feminine,  and  when  used 
as  generic  names  theirtcrminations  and  thos«  of  their  adjective  spccillc  names  must 
also  be  feminine.  Viviparus  Montfort  is  inconsistent  with  itself  and  must  be  written 
Vitipara. 

To  change  the  first  syllable,  above  all  the  first  letter,  of  a  name,  is  inconvenient  on 
account  of  the  arrangement  of  indices,  tables,  catalogues  and  dictionaries  in  alpha- 
betical order.  It  is  very  incommodious,  for  instance,  that  several  generic  names  com- 
mencing with  E  have  been  altered  to  He,  on  account  of  the  rough  Greek  accent. 
These  names  have  to  be  sought  for  in  two  places  in  all  the  tables.  The  Greek  accents 
varied  .-tccordin,?  to  the  dialec-ts;  it  is  hard  to  see  why  naturalists  should  be  more  rigo- 
rous than  the  Greeks.    (DC.) 

Names  of  uncertain  etymology  should  not  be  changed  on  etymological  grounds. 
(Th.) 

§  LXXVIII.  Altliough  names  of  persons  are  latinized  and  not  adopted 
in  a.  Greelv  form,  no  one  is  authorized  to  reject  or  cliange  tlie  name  of  a 
gronp,  compounded  from  tiiat  of  a  person  witli  the  prefix  eii,  aides  or  opsis. 
It  is  sufficient  that  tiu-j-  are  nut  of  Latin  origin,  for  it  is,  above  all,  noces- 
sar}'  to  avoid  changing  names,  but  a  naturalist  of  taste  will  avoid  the 
origination  of  such. 

Some  naturalists  have  amused  themselves  by  applying  to  species  names  which  are 
Latin  puns  on  the  names  of  persons.  Trochus  faba  McGillivray,  ostensibly  named 
after  Mr.  Bean;  Fusus  flomaenovce  Val.,  after  M.  Maison-ueuve,  are  examples.  These 
n.'imes,  however  absurd,  should  not  be  changed,  for,  with  the  motives  of  the  author  of 
a  name,  one  has  nothing  to  do,  provided  the  result,  considered  in  itself,  is  not  seriously 
objectionable. 

§  LXXIX.  When  the  name  of  a  person  is  used  without  the  necessary 
latinizationof  the  tern)ination,  unless  it  already  possesses  a  form  similar 
to  that  provided  for  under  §  XXII,  it  must  be  changed  to  conform  to  the 
rules. 

Example:  Clausilia  ^fo7•lilM,l)llmont,  is  properly  C.^fortilleti.  Some  naturalists 
have  even  gone  further,  and  proposed  specific  names  composed  of  two  words,  the 
Christian  and  surnames  of  the  person  to  whom  the  species  was  dedicated,  and  without 
latinization  I  Example:  Donacia  Scipion  Cras,  Mort,  after  M.  .Scipion  Gras  as  dis- 
tingui-hcd  from  his  brother,  Albin  Gras,  for  whom  another  species  of  Donacia  was 
similarly  designated.    Such  names  are  deplorable  and  cannot  be  accepted.    (Bourg.) 

§  LXXX.  When  a  name  is  derived  from  a  vernacular  word  it  must  be 
accepted  in  the  form  given  to  it  by  its  original  dcscribcr,  even  in  cases 
where  the  ortliography  of  the  name  has  l)een  insufficiently  uudeistood  by 
the  author,  and  lias  given  rise  to  merited  criticism.     (DC.) 
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Veriuirulnr  iiiiiiio«,  above  all.  when  taken  fi-om  barbaioin*  laiif^iia^c:'.  are  frequently 
unct'i'taiii,  anil  the  manner  of  wrilinK  them  doubtful.  When  once  the  name  hasi  been 
adu|itud  by  science,  it  wouM  be  too  easy  to  change  it,  if  one  |ii'ore».''ed  a  rlgoi  uus  exac- 
titude. (Cf.  for  excoptions,  note  3,  J  LXXVIl.)  t'uffea,  forexamplc,  would  become  Ca- 
vea,  Covea,  Vauffea,  etc.,  ncc^onling  to  each  person's  idea  of  the  orthography  of  the 
Arnbjc  name.  The  t<ame  principle  hohltt  goo<l  in  relation  to  t-pecied  allieil  or  dit^tinct, 
but  having  in  different  localities  the  r<anic  vernacular  name  derived  from  bumc  char- 
acter conunon  to  them  all.  A  uaturali^;t  lixes  the  nuinc  on  some  one  of  the  specieB,  no 
matter  wliich;  otherwibe  it  wouhl  be  continually  contebted  or  changed.    (UC.) 

§  LXXXI.  Vernacular  names  (1)  derived  from  cla.ssical  names  by  a 
light  mudillcation,  may,  if  iinmistaliable,  be  cliaiif^ed  by  sub.sequent  au- 
thor.*!, into  their  proper  Laliu  forms,  Ijutare  not  entitled  to  priority  if  not 
so  adopted  before  another  name  properly  formed  has  been  applied  to  the 
organism  iu  question.     (Rep.) 

Vernacular  uames  (2)  not  so  derived  have  no  standing  in  science,  and 
if  a  classical  term  having  the  same  meaning  is  subsequently  applied  to 
tlie  same  organism  or  group,  its  priority  dates  only  from  the  time  when 
this  was  done  by  some  author,  who  is  entitled  to  be  cited  as  authority  for 
the  name.     (B.  A.  Bourg.) 

1.  Patelle  viride  may  be  supposed  to  stand  for  PateWi  viridis,  and.  properly  mo<liflcd 
by  courtesy,  is  liable  to  be  accepted,  if  no  latinized  name  precedes  the  change  in  time 
of  ai>plicatiou. 

2.  No  one  is  obliged  to  suppose  that,  for  instance,  Vis  a ffuilU'e  represents  Terebra 
aculeata,  until  some  author  applies  the  latter  name  to  the  mollusk  in  question.  (Bourg.) 

§  LXXXII.  Vernacular  names,  especially  when  applied  to  genera  and 
species,  if  not  proper  nouns  or  having  already  an  accidental  Latin  form, 
should  be  changed  to  conform  to  the  rules  of  Latin  orthography.     (B.  A.) 

A  pernicious  practice,  of  very  old  date,  exists,  of  applying  to  species,  names  not 
only  of  barbarous  origin,  but  without  latinization.  and  totally  destitute  of  euphony. 
These  are  chiefly  the  local  appellation  of  some  savage  tribe  for  the  organism  deeig- 
uated. 

Thus  we  have  Uyperoudon  hutzlcopf.  Gray,  lialcena  tschiekariliuh and  li.  ar/amacht.ichik 
Pallas,  etc.  Bntzk«pf\^  an  obscene  name  applied  by  the  Dutch  boers  of  South  Africa 
to  any  species  of  whale,  though  supposed  by  Gray  to  be  a  local  name  for  the  species  he 
indi<;ated,  and  the  two  species  of  Pallas,  with  others  of  the  same  kind,  are  described 
from  Kamchatka,  where  the  names  he  used  are  unknown. 

The  practice  has  probably  gone  too  far,  so  far  as  proper  nouns  are  concerned,  to 
admit  of  the  total  rejection  of  such  names  when  they  are  known  to  apply  to  the  partic- 
ular species  referred  to  (LXXX).  But  when  these  barbarisms  are  adjective  in  their 
nature,  they  are.  on  the  principles  herein  before  cited,  subject  to  reformation  as  pointed 
out  by  the  B.  A.  Committee.  Xo  naturalist  of  good  taste  would  inflict  such  names,  un- 
modiUed.  upon  science,  and  it  would  be  far  better  if  they  were  totally  avoided. 


Of  the  Names  of  Organisms  in  Modern  Languages. 

§  LXXXIII.  iS'aturalists  employ  in  modern  languages  scientific  Latin 
names  or  those  immediately  derived  from  them  in  preference  to  names  of 
other  origin  or  kinds.  They  avoid  using  these  latter,  except  when  they 
are  very  widely  known  and  clearly  intelligible.  All  friends  of  science 
should  oppose  the  coinage  of  new  vernacular  names  not  existing  iu  any 
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language,  at  least  when  they  arc  not  derived  from  the  scientirte   Latin 
name  by  means  of  some  slight  modillcatiou.     (DC.) 

It  is  ilcsinihleto  continue  the  use  of  Latin  for  scientillc  descriptions,  and  still  more 
for  names.  These,  like  proper  names  of  persons,  shoiihl  be  available  in  all  languages. 
The  public  adopts  them  rapidly  as  a  matter  of  habit,  even  when  ihcy  are  grotesque. 
No  one  objects  to  sudi  names  as  Fachain,  Itkododemlron,  etc.,  now  common  to  all  coun- 
tries. For  nincli  stronger  reasons,  it  is  desirable  to  proscribe  the  fabrication  of  so- 
called  ''common  names."  The  public  to  whom  they  are  addressed  llnds  no  advantage 
in  them,  for  they  are  new  to  it,  not  to  be  found  in  any  dictionary,  and  the  learner  must 
also  know  the  Latin  name  of  which  the  new  term  is  u  synonym.  To  comprehend  how 
confusing  a  multiplicity  of '•common"  names  would  be,  it  is  only  necessary  to  suggest, 
for  in>tanc;',  ihe  condition  of  tlie  Post  Ofllce  department,  if  each  village  had  an  ab^o- 
lutely  diiTercnt  name  in  each  language.    (DC) 

The  manufacturers  of  new  "common"  names  occasionally  make  some  amusing 
slips,  as  in  the  case  of  a  recent  attempt  in  England,  when  for  several  groups  of  animals 
which  already  possess  well  known  and  characteristic  names  in  the  vernacular,  new 
"common  names"  were  proposed. 


Of  the  Latinization  of  names. 

§  LXXXIV.  Greek  names  are  latinized  by  substituting  for  the  Greek 
letters  tlieir  Latin  equivalents  according  to  the  following  table.  (Herrin., 
Th.,  13.  A.,  etc.) 


a 

=  a; 

QT,ra) 

Beta. 

? 

=  b; 

(^,3nayi(i)\>^ 

Bi-achium. 

r 

=  o; 

(j'/ai(7<7a) 

Glossa. 

d 

=  d; 

('^•%''a?) 

Di'psas. 

e 

=  e; 

(^oaXioz) 

Hyalea,  not  Hyal&ea. 

c 

z=:  z; 

{!^i'Cu<fv>) 

Z izi/2)h us,  Z izypliinus. 

V 

=  e; 

{-tipY^r,) 

Firena,  not  Pir'uia. 

7j  final 

=  a; 

(-s'.prjvr^) 

Pirena,  not  Pirene. 

^,0 

=  th; 

(rr/}0^) 

Teihys;  {Hin-)  Thetis. 

I 

=  i; 

(,>«/:«?) 

Balm,  not  Balea. 

X 

=  c; 

{''■--oy-rv^Tj) 

IUppocrena,  not  Ilippochrenes. 

X 

—  I; 

(c:././.:,-) 

PhyWis. 

(^ 

z=.  m; 

(r.aa^) 

Melas. 

V 

—  n; 

(-£.'«y./,) 

Pirena. 

.» 

z=  x; 

(I.^vo,) 

'K.enns,  'KenopJiora. 

0,  w 

=  o; 

((fopoq) 

Phorus;  (-uipa)  Poma. 

TZ 

=  p; 

(T7or«;y.w-) 

Yotamus. 

P 

=  ?•; 

{-Ttpu',) 

Pterum. 

5G 
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pp 

T 

u 
9 
X 

<^ 
at 
au 

ee 
£: 
eu 

to,    01 


=  y;     (f^/^e;?) 


PhijUivvhoa,  not  P/njUivhoe. 

Pierian. 

Ilybolithiis,  not  Ilibolites. 
l^liorus. 
Cochlias. 
Vsa7n7nus. 

Limnaea,  not  Limnea. 
Glaucus. 

Exotcnohrancliia. 
Chilostoma,  not  Cheilostoma. 
"Eurus. 

Diocca,  not  Dio'ica. 
Ephi2^2)imn,  not  Ephippion. 
Euo7nphalns,  not  Euomphalos. 
Luterhnn,  not  Lotorium. 
Angaria. 
=  nch;   {ayxct)  aro'Lo)      ^uclu'6'toma,  not  ^ng?'s^o??ia. 
=.  7ic;     {uy/.tff-pov)         Ancistroclo7i,  not  Agkistrodon. 
=  rh;     (I'ia)  llhea.      . 

—  fh'       ('-"/'/> '^£'«)  Hermaect,  not  Ermaea. 

It  may  be  remaikerl  in  concluding  tliat,  wliile  tlie  advances  of  philolojcy  liave  intro- 
duced reforms  into  the  iiroiiunciation  and  plionetic  spelling  of  Latin  words  during  re- 
cent times,  the.se  reforms  cannot  he  allowed  to  affect  words  winch,  having  obtained  an 
entrance  into  nomenclature,  liave  assumed,  so  to  speak,  an  arbitrary  character  and 
signification.  Otherwise  new  and  annoying  elements  of  confusion  would  be  added 
where  tliere  are  already  too  many.  The  Latin  of  scicntiQc  nomeuclature  is,  and  must 
remain,  essentially  the  Latiu  of  the  eighteenth  century. 


r=  ae; 
=  auj 
=  e; 

=  i; 

=  eu; 

=.  oe; 

ov  final  =:  um;    Cs:<p{--'.uy) 
o?  final  :=i  us;      {^<>;j.(fa)Mq) 


{yXauxuq) 
(rscVw) 

(vjpo^) 


ou 

rr 
n 

yx 

'p 


nr  u;         (^/.ouzrjpio^) 
=  ?*5';      {'ayyupsta) 


On  International  Scientific  Service.    By  A.   R.   Grote,  of 
Buffalo,  N.  y. 


Amid  tiie  constant  progress  of  human  affairs  reflective  minds 
are  bus}'  with  the  origin  of  things,  and  with  the  endeavor  to  sliape 
the  polic}-  of  the  future  in  the  light  thrown  on  human  actions  by 
generalizations  from  the  past.  In  the  growth  of  moral  and  in- 
tellectual faculties,  we  can  see  plainly  that  the  answer  to  the  ques- 
tion of  who  is  our  neighbor  is  being  extended  beyond  the  narrow 
limits  of  self,  tribe,  family,  or  nation,  until  we  have  included  other 
varieties  of  mankind  in  the  definition.  Nor,  perhaps,  shall  we 
stop  here,  but  the  recognition  of  our  right  line  of  conduct  with 
regard  to  lower  animals  may  not  be  long  escaped.  Through  our 
experience  we  have  increased  our  knowledge,  and  this  knowledge 
it  is  which  has  directed  us  in  the  past,  and  still  points  out  to  us 
the  true  conduct  to  pursue  to  the  rest  of  the  world. 

Where  our  attitude  in  this  respect  is  once  rirjlit  no  force  can 
bring  us  out  of  it,  but  ever  men  are  found  to  be  impelled  by  our 
example  and  their  own  consciences  to  a  similar  position  with  our- 
selves, and  so  society  is  graduall^^  revolutionized.  Those  who, 
from  a  large  estimate  of  conduct,  are  led  to  distrust  intellectual 
progress  may,  in  realit}',  be  assured  that  the  one  cannot  flourish 
where  the  other  decays  ;  and  should  feel  themselves  safe  in  aiding 
the  advancement  of  knowledge  to  the  extent  of  their  individual 
influence.^  The  invention  of  printing  marks  the  third  and  pres- 
ent epoch  of  general  civilization,  the  first  epoch  being  limited  by 
the  acquirement  of  articulate  speech  in  the  j-et  shapeless  past,  and 
the  second  b}'  the  production  of  phonetic  characters  at  a  time  in 
the  history  of  mankind  which  arcliJEology  is  enabling  us  to  fix 
more  and  more  definitel}'. 

The  motor  of  civilization  must  always  consist  in  an  improvement 
of  the  machinery  for  the  exchange  of  thought.     For  our  whole 

'For  some  observations  on  conduct  and  religion,  I  refer  to  a  paper  entitled:  Pro- 
testanism  and  Science  in  the  "  Evolution^'  for  July,  1877. 

(57) 
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progress  in  this  direction  is  the  working  of  a  comparative  civiliza- 
tion. And  in  tliis  view  the  terms  Savageiy,  Barbarism,  might  well 
fall  away  as  having  been  misnseil,  and  being  lial)le  to  misnse,  and 
expressing  dilferent  values  at  dillerent  times  with  different  peoples. 
With  this  classification  of  the  growth  of  the  hmnan  intellect  to 
guide  us,  ami  with  the  recognition  of  the  fact  tliat  we  are  gradually 
coming  into  closer  contact  with  other  peoides  on  the  globe  Ihnnigh 
our  intellectual  enterprise,  the  time  seems  near  at  hand  when,  by  an 
International  Scientific  Organization,  theell'ortsof  the  best  scientific 
minds  of  the  more  civilized  nations  may  be  joined  for  the  solution 
of  those  problems  which  all  are  alike  forced  to  grapple  with,  and 
which  of  themselves  constitute  the  sufficient  proof  of  a  larger  kin- 
ship than  is  expressed  by  the  political  boundaries  of  the  glol)e. 
The  benefit  which  humanity  has  derived  from  the  formation  of 
local  societies  for  the  advancement  of  knowledge  need  not  be  re- 
hearsed at  this  time.  It  is  sutlicient  to  sa}'  that  they  have  proved 
admirable  guides  to  the  intelligence  which  produced  them.  The 
existing  national  associations,  in  this  country  and  in  Europe,  are 
performing  excellent  work,  but  there  are  other  questions  to  the 
answering  of  which  their  means  are  inadequate.  Foremost  among 
these  there  is  that  of  the  origin  of  our  species.  Indispensable  to 
a  correct  habit  of  thought  is  the  solution  of  this  question,  and  its 
elucidation  must  be  sought  for  in  regions  outside  of  those  inhab- 
ited by  the  more  civilized  nations. ^  The  various  scientific  ex- 
plorations in  Africa,  Australasia,  and  the  polar  regions,  need  co- 
operative assistance  to  realize  the  best  results  from  the  outlays, 
while  the  new  knowledge  they  bring  is  the  common  inheritance  of 
all  reading  peoples.  Justice  then  would  require  that  where  all 
participate,  all  should  contribute.  The  plan  of  the  International 
Scientific  Service  here  provisionally  proposed  embraces  the  appoint- 
ment of  commissioners  bj'  the  civil  governments  of  the  world, 
whose  deliberations  would  be  the  wisdom  of  the  age,  and  whose 
recommendations  would  be  respected  by  the  legislative  powers  of 
the  consenting  and  represented  nations. 

Under  their  auspices  all  extra-limital,  astronomical,  geographical, 
and  biological  expeditions,  would  be  fitted  out,  and  directed  to 
those  places  which  would  be  more  fruitful  for  the  particular  purpose. 

2 1  would  refer  here  to  a  paper  "On  the  Peopling  of  America"  read  before  the  Buf- 
falo Society  of  Natural  Sciences  in  February,  and  reprinted  in  the  "American  Natural- 
ist "for  April,  1S77. 
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No  longer  should  we  bo  sulijected  to  failures  arising  directly  or 
indirectly  from  national  prejudices.  The  dillerences  in  the  mental 
foculties  between  the  different  nations  would  prevent  the  loss  in 
such  a  body  of  any  possible  suggestion  the  human  intellect  could 
afford. 

From  an  economical  point  of  view  the  outlay  of  the  different 
governments  for  scientific  explorations  would  be  lessened,  and  more 
effective  work  woulil  be  done. 

The  amount  to  be  contributed  would  be  less  because  the  expenses 
of  any  expedition  to  be  decided  upon  by  the  Service  would  be 
made  up  by  a  quota  from  all  the  governments  represented. 

The  tendency  to  enlarge  our  application  of  good  conduct  is  de- 
structive to  a  narrow  national  sentiment ;  this  is  a  sentiment  which 
is  onl}'  laudable  when  it  tends  to  preserve  a  high  moralit}',  and  it  is 
weaker  where  the  intellect  is  more  advanced.  When  science  takes 
hold  of  the  brotherhood  of  nations  and  calls  upon  them  to  under- 
take the  solution  of  vital  problems  for  the  common  good,  there 
must  surely  be  a  glorious  response.  Of  the  existing  sympathy 
between  the  nations  we  have  many  ready  proofs.  The  Austrian 
Polar  expedition  is  rescued  by  "foreigners,"  and  America  returns 
to  England  the  ship  she  lost  in  northern  ice.  The  flag  of  the  In- 
ternational Scientific  Service  should  be  made  neutral  b}'  treaty, 
and  would  be  held  sacred  by  all. 

As  tending  to  break  down  social  prejudice,  as  working  in  a  direc- 
tion towards  both  greater  economy  and  greater  result,  I  venture 
to  lay  the  proposition  before  this  Association  that  it  memorialize 
Congress  to  appoint  Commissioners  on  the  part  of  the  United 
States,  who  would  inaugurate  the  formation  of  such  an  International 
Scientific  organization,  and  by  resolutions  to  be  passed  by  this 
Association  request  such  action  on  the  part  of  kindred  scientific 
bodies  in  other  lands  as  would  influence  their  respective  govern- 
ments to  assist  in  the  enterprise. 

It  seems  to  me  that  some  such  step  as  I  now  speak  of  will  event- 
ually be  taken.  If  the  plan  proposed  be  now  acted  upon,  it  will  be 
at  least  a  fitting  thing  that  it  was  commenced  by  a  country  that 
protects  the  alien,  and  allows  liberty  to  all  its  inhabitants  to  pursue 
their  happiness.  And  it  would  be  well  for  America  to  move  in 
any  matter  that  will  create  an  active  symi)atliy  between  the  nations 
in  scientific  matters.  For  so  will  free  institutions  be  the  more 
readily  preserved.     Knowledge  of  itself  brings   a   conduct   that 
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imist  give  at  hist  tolerance  and  good  will  to  all  mankind.  Obvi- 
ously, then,  any  plan  that  will  increase  and  difliise  our  stock  of 
exiHMience  should  be  adopted. 

The  course  to  be  pursued  by  well  balanced  minds  in  handling 
questions  as  to  the  tendency  of  human  conduct,  seems  plainly  to  be 
the  cultivation  of  knowledge,  so  that  we  may  get  more  light  as  to 
our  proper  behavior. 


SECTION    A, 

MATHEMATICS,  PHYSICS  AND  CHEMISTRY. 


ADDKESS 

OF 

Peofessor  Edward  C  Pickering, 


VICE  PRESIDENT,  SECTION  A. 


Fellow  Membeus  of  tue  Association — 

Ladies  and  Gentlemen  :  — 

It  is  a  great  disappointment  to  me  that  I  am  unable  to  address 
you  this  evening  in  person.  But  the  heat  and  length  of  the  jour- 
ney warn  me  that  it  is  safer  to  remain  at  home.  I  have  looked 
forward  for  some  time  to  this  opportunity  of  calling  the  attention 
of  the  Association  to  a  subject  in  which  many  of  you  are,  I  know, 
alread}'  much  interested,  the  Endowment  of  Research.  We  all 
admit  that  this  is  one  of  the  great  objects  of  this  Association,  as 
of  almost  all  scientific  bodies.  But  what  steps  are  we  taking  to 
aid  this  object,  bej'oud  looking  on  with  interest  while  our  members 
and  others  investigate  various  scientific  problems,  listening  ap- 
provingly to  the  results,  and  publishing  the  papers?  Doubtless  it 
will  be  said,  and  with  justice,  that  we  cannot  do  more  at  present 
for  lack  of  means.  But  the  question  I  wish  to  raise  lies  deeper 
than  this.  Many  persons  admit  that  there  are  enough  public- 
spirited  and  liberal  men  in  the  community  to  furnish  the  money 
needed  for  any  object  which  can  be  shown  to  be  reall}-  worthy. 
Let  us  for  the  moment  admit  this  argument,  let  us  assume  that 
abundant  means  can  be  obtained,  provided  that  assurance  can  be 
given  that  the  result  will  justify  the  act.     Not  that  the  institution 
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shall  be  made  .self-supporting  or  return  an  income,  but  that  the 
nione}'  shall  not  be  wasted  and  the  results  shall  be  a  continual 
increase  of  human  knowledge,  or  improvement  of  the  condition  of 
the  human  race. 

The  first  obstacle  we  encounter  is  the  opinion  widely  maintained 
even  I\v  scientific  men,  that  the  original  research  of  a  country  is 
a  natural  growth  and  that  it  is  useless  to  try  to  force  it.  "We 
might  as  well  say  that  music  and  art  are  natural  growths  and  that 
it  is  therefore  useless  to  teach  them  !  What  shoidd  we  have  of 
ancient  art  were  it  not  for  the  munificent  encouragement  of  many 
ancient  rulers  ?  In  later  days  how  would  literature  and  art  have 
thrived  had  it  not  been  for  the  support,  often  scanty  it  is  true,  of 
the  public  in  purchasing  books,  paintings  and  sculpture?  With 
the  man  of  science  it  is  quite  different.  There  is  generally  little 
or  no  pecuniar}'  reward  for  his  success.  The  public  do  not  eagerly 
crave  each  new  memoir  on  the  higher  mathematics.  A  crowd  does 
not  gather  around  the  bulletin  board  to  read  the  discover}-  of  a 
new  asteroid  or  organic  radical.  The  consequence  is  that  since 
the  man  of  science,  like  other  men,  must  live,  he  is  obliged  to 
engage  in  some  other  occupation,  general!}'  teaching,  which  still 
allows  him  apparatus,  a  little  time  and  generally  less  means,  for 
research.  Under  these  circumstances  should  we  not  be  surprised, 
not  that  so  little  is  accomplished,  but  rather  that  so  much  volun- 
teer work  is  done?  Can  we  doubt  that  far  more  would  be  ac- 
complished if  these  same  men  were  allowed  to  devote  their  entire 
energies  to  their  investigations  and  were  aided  by  the  necessary 
appliances? 

It  is  said  that  research  is  carried  on  by  few  and  that  but  one 
man  in  a  thousand  is  qualified  for  such  work.  But  this  is  the 
strongest  reason  for  making  every  effort  to  render  the  energy  of 
such  men  most  effective.  The  obvious  solution  is  organization 
— carrying  out  a  plan  by  which  research  should  be  rendered  as 
systematic  as  are  the  processes  of  the  mechanical  arts.  Suppose 
that  a  man  should  attempt  to  build  and  furnish  his  own  house  ! 
He  might  devote  his  whole  life  to  the  work  and  still  obtain  a 
dwelling  very  inferior  to  what  would  be  erected  in  a  few  months, 
by  a  small  portion  of  that  system  which  we  call  civilization. 
Suppose  that  he  wished  to  travel,  and  should  build  his  own  boat 
or  locomotive !  To  take  a  case  more  like  that  in  question.  Com- 
pare the  old-fashioned  watch  where  the  maker  was  compelled  to 
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maUe  even  tlic  wheels  himself,  with  the  precision  ami  uniformity 
of  the  chronometers  of  the  present  day.  Notice  also  the  result 
in  scientific  work  where  organization  and  division  of  lalior  have 
already  been  introduced.  "Wiiat  would  be  the  results  of  the  Coast 
Survey  if  those  who  plan  the  work  were  obliged  to  erect  the  sig- 
nals or  take  the  soundings?  At  present  an  investigator  is  obliged 
to  originate  the  subject,  to  plan  the  apparatus  in  detail  and  often 
even  to  construct  it  with  his  own  hands.  He  must  also  be  able  to 
perform  the  experiment  and  discuss  the  results.  It  is  no  wonder 
that  so  man}-  accomplishments  are  rarel}'  united  in  one  person. 
It  would,  on  the  other  hand,  be  comparatively  eas}'  to  find  two 
or  three  persons  who,  between  them,  could  divide  these  labors. 
Again,  so  much  time  is  often  spent  in  preparing  the  apparatus  and 
making  the  preliminary  observations  that  the  college  professor 
feels  that  he  cannot  afford  to  make  the  long-continued  and  oft- 
repeated  experiments  needed  to  bring  his  work  to  a  proper  con- 
clusion. He,  therefore,  publishes  a  preliminarj-  paper  with  the 
promise,  seldom  fulfilled,  of  completing  it  in  the  future.  Let  us 
take  an  actual  example.  Suppose  the  subject  selected  is  the  re- 
flection of  light.  ]\Iuch  time  and  skill  may  be  required  to  devise 
a  suitable  photometer  and  to  bring  it  into  proper  working  con- 
dition. When  this  is  once  done  it  is  only  necessary  to  find  an  as- 
sistant with  good  eyes  who  can  repeat  over  and  over  the  measure- 
ments of  the  light  reflected  by  different  substances  at  various 
angles  of  incidence.  The  work  now  becomes  a  simple  routine,  and 
if  pioperly  organized  is  not  expensive.  A  large  class  of  scientific 
work  is  of  this  kind.  In  fact  most  quantitative  investigation,  es- 
pecially that  serving  to  establish  physical  laws,  requires  oft-re- 
peated measurements  of  the  same  quantity.  An  assistant  will 
oCien  thus  obtain  even  better  results  than  his  superior,  because 
his  time  being  less  valuable  will  be  less  occupied  with  other  mat- 
ters, and  he  will  be  able  to  concentrate  his  entire  energies  on  his 
work.  Moreover,  an  assistant  may  be  selected  with  special  refer- 
ence to  his  work,  as  in  the  present  case  for  the  sensitiveness  of 
his  eye. 

Before  proceeding  further  let  us  consider  how  far  the  field  is  al- 
ready occupied,  and  what  aid  is  now  offered  in  this  country  to 
research.  This  may  be  stated  in  very  few  words.  We  have  first 
the  munificent  bequest  of  one  of  the  first  Presidents  of  this  Asso- 
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ciation,  who  tlins  :uliU'<l  at  his  dcatli  aiifithcr  to  tlic  long  list  of 
vuliiahle  C(>ntrihiitions  to  seicnco.  to  wliicii  his  lift;  was  (levote«l. 
The  income  of  the  Hache  ftintl  amounts  to  two  or  three  thonsaml 
dolhus,  and  is  expended  in  aidinj^  scicMitilic  men  in  comlueting 
original  investigation.  Secondly,  the  Rumford  fund,  although  orig- 
inally intended  merely  for  giving  medals  for  di'^coveries  in  light 
ami  heat,  is  now  largely  applied  to  aiding  investigation  in  these 
sciences.  The  large  income,  considering  the  special  nature  of 
the  subjects  included,  enables  liberal  aid  to  be  extended  to  any 
worthy  research  in  light  or  heat.  The  Smithsonian  Institution, 
besides  its  many  indirect  aids  to  research,  applies  a  portion  of  its 
income  directly  to  this  work.  With  these  should  be  mentioned 
the  Boyden  premium,  a  sum  of  one  thousand  dollars  offered  for 
many  years  by  the  Franklin  Institute  for  a  specific  investigation. 
I  am  informed,  however,  that  no  application  for  this  reward  has 
ever  been  made.  The  establishment  b}'  the  Johns  Hopkins  Uni- 
versity of  Fellowships  of  which  the  incnnibcnts  are  expected  to 
devote  their  time  mainly  to  research  is  an  important  step  in  the 
right  direction.  Man}-  other  colleges  indirectly  countenance  or 
mildly  encourage  research,  some  actively,  but  most  of  them  pas- 
sively. Some  persons,  however,  even  go  so  far  as  to  maintain  that 
the  time  and  energy  of  a  college  professor  are  paid  for  that  he  may 
teach,  and  regard  original  work  as  outside  occupation.  Were  this 
view  general,  small  indeed  would  be  the  growth  of  science  in  this 
country. 

I  shall  confine  m\'  remarks  to  the  sciences  included  in  Section 
A,  which  is  defined  by  Mathematics,  Physics  and  Chemistry. 
Mathematics  as  here  used  includes  in  its  applications  too  wide  a 
field  for  any  one  person.  It  would  probablj'  be  best  to  omit  some 
portions.  Astronomy,  for  instance,  could  be  better  treated  at  the 
Observatories  now  existing.  Not  that  the  wants  of  this  science 
are  as  j^et  supplied,  but  we  have  alreadj'  too  many  unsupported 
Observatories,  and  far  more  could  be  accomi)lished  with  half  the 
number  having  double  the  endowment.  Geodes}'  might  also  be 
left  to  the  Coast  Survey-,  were  it  not  for  the  excellent  field  still 
open  in  topography.  This  is  especially  the  case  in  connection 
with  the  State  Surveys  which  will,  doubtless,  be  established 
throughout  the  country  as  soon  as  the  people  are  educated  up  to 
an  appreciation  of  their  value.     I  cannot  forbear  in  this  connec- 
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tion  calling  attention  to  tlie  need  of  a  Sinnmer  School  of  Topog- 
raphy, which  iniglit  fiiiiiisli  valiialdf  rosnlts,  at  the  same  time 
that  it  would  give  healtii  and  strcngtli  dining  the  .snninuT  season. 
The  iM'oblem  of  nionntain  surveying  will  well  repa\'  stndy,  as  there 
is  at  present  no  satisfactory  solution.  'Die  best  mountain  contour 
maps  arc  far  from  representing  the  actual  sniface  of  the  ground. 
Under  Mathematics  should  also  he  included  Mensuration  in  its 
various  branches  and  many  portions  of  Engineering.  Tlie  latter 
would  be  so  closely  allied  to  the  work  in  Physics,  in  the  subjects  of 
Mechanics  and  Heat,  that  it  would  be  difficult  to  draw  the  line  be- 
tween them.  Every  branch  of  Physics  would  be  easily  treated  by 
this  method,  as  in  Mechanics,  Sound,  Light,  Heat  and  Electricity, 
numerous  problems  are  awaiting  an  experimental  solution.  The 
excellent  results  attained  by  students  in  many  of  our  physical 
laboratories  prove  conclusively  that  assistants  could  be  obtained 
capable  of  undertaking  work  of  the  greatest  precision.  Chem- 
istry, besides  its  ordinary  branches,  should  include  the  laws  of  mo- 
lecular action,  thermo-chen)isti'v  and  the  more  difficult  problems  of 
animal  and  vegetable  chemistry. 

The  working  corps  of  an  institution  established  for  making  re- 
searches in  the  subjects  named  above  should  be  somewhat  as  fol- 
lows :  — 

First,  a  President,  who  need  not  necessarily  be  an  investigator, 
or  even  possess  great  scientific  ability.  He  must  have  good  ex- 
ecutive ability,  be  a  judge  of  men,  and  understand  thoroughly  the 
engineering  principles  of  construction. 

Secondh',  a  corps  of  investigators,  men  of  acknowledged  sci- 
entific al)ility,  and  selected  for  the  originality  of  their  ideas,  even 
if  thc}^  have  not  shown  special  skill  in  carrying  them  into  prac- 
tice. Three  men  to  represent  the  subjects  of  Mathematics,  Phy- 
sics, and  Chemistr}-,  would  be  capable  of  carrying  on  an  immense 
amount  of  research.  Each  should  have  one  or  two  deputies  or 
assistant  professors,  capable  of  taking  their  places  during  tempo- 
rary' absence.  Their  duties  would  be  mainly  planning  details,  su- 
perintending the  construction  of  apparatus,  and  answering  the 
questions  of  their  subordinates. 

Third,  a  large  corps  of  assistants,  whose  dutj^  it  should  be  to 
carry  out  the  work  laid  out  for  them,  but  who  would  not  necessa- 
rily be  able  to  plan  it.     They  form  the  hands,  while  the  preceding 
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class  correspond  to  tlie  head  of  our  or<;:iniz:iUon.  Each  Investi- 
gator slioukl  lie  altle  to  provide  work  for  at  least  ten  such  assist- 
ants. Tlicy  would  generally  work  in  [)airs,  one  observing,  the 
other  rocordin<jc,  and  would  chanj^e  places  at  intervals.  Their 
work  would  he  mainly  routine,  and  would  require  care  and  me- 
chanical, rather  than  intellectual,  skill.  Many  young  men  would 
be  glad  to  secure  such  work  temporarily,  though  it  would  be  per- 
manent for  few,  as  the  salary  would  l)e  low. 

Fourth,  workmen,  such  as  a  mechanician,  carpenter,  tinman,  etc., 
capable  of  constructing  in  wood  or  metal  the  apparatus  devised. 
One  person  should  also  be  employed  whose  duty  it  would  be  to  see 
that  the  apparatus  was  always  ready  for  use.  This  would  be  es- 
pecially important  for  the  chronograph,  telegraph  wires,  electric 
light  and  other  appliances  liable  to  be  used  by  several  persons. 

The  subjects  for  investigation  in  each  department  would  in  gen- 
eral originate  with  the  professors  in  charge.  They  should  also 
encourage  their  assistants  to  suggest  subjects,  and  aid  in  planning 
them.  Man}'  other  scientitic  men  would,  doubtless,  avail  them- 
selves of  an  opportunity  to  have  their  theories  tested  when  unable 
themselves  to  perform  the  necessary  experimental  work.  The 
plan  would  in  all  cases  be  submitted  to  the  President  in  writing, 
with  an  estimate  of  its  cost,  of  the  apparatus  needed  and  of  the 
probable  time  required  to  complete  it.  If  found  practicable  and 
approved,  the  ap[)aratus  would  be  constructed  or  purchased,  and 
tested  under  the  direction  of  the  professor  by  his  more  skilful  as- 
sistants. When  they  were  able  to  obtain  accordant  results,  they 
would  show  one  or  two  of  the  j'ounger  assistants  preciseU'  how  the 
measurement  should  be  made  and  carefully  supervise  their  first 
trials.  A  long  series  of  results  could  now  be  obtained  at  small 
expense,  with  slight  supervision  and  direction  as  to  the  most  im- 
portant variations  to  be  tried.  The  results  would  finally  be  reduced 
and  prepared  for  publication. 

Let  me  now  invite  you  to  accompany  nie  on  a  visit  to  this  sup- 
posed Institution,  that  we  may  examine  its  structure  more  in  de- 
tail. We  shall  find  it  where  land  is  not  too  valuable,  but  near 
enough  to  some  large  city  that  workmen  of  all  kinds  may  be  ob- 
tained at  short  notice.  It  is  set  back  from  the  road  so  as  to  be 
free  from  dust  and  the  jar  of  heavy  vehicles,  and  commands  a  dis- 
tant view  in  at  least  one  direction.     This  may  be  needed  for  ex- 
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periments  on  atmospheric  refraction  or  opacity,  on  the  velocity  of 
light  or  for  many  other  purposes.  A  distant  liglithoose  forms  an 
excellent  oltject  for  such  observations  at  night.  Association  with, 
or  at  least  proximity  to,  some  large  college  is  nuich  to  be  desired 
to  avoid  duplication  of  the  collections  of  books  and  apparatus. 
Man3'  college  professors  have  under  their  charge  a  dozen  instru- 
ments, each  of  which  coulil  profitably  occuin'  the  entire  time  of 
one  person.  These  instruments  are  now  simply'  exhibited  to  their 
classes  once  a  year. 

The  building  itself  is  large  but  low,  and  resembles  one  or  more 
blocks  of  two-story  dwelling  houses.  No  more  common  mistake 
is  made  than  in  wasting  the  mone^^  which  should  be  used  for 
equipment,  on  architectural  effect.  This,  although  greath'  desira- 
ble in  itself,  is  often  out  of  place  in  a  building  devoted  to  science, 
and  in  fact  is  not  un frequently  the  cause  of  serious  inconvenience. 
The  windows  should  be  small,  that  the}'  may  be  easily  darkened 
by  shutters,  and  the  walls  should  not  be  too  thick,  or  carry  heavy 
mouldings  or  cornices,  on  account  of  the  light.  It  is  useless  to 
hope  for  architectural  beauty  in  this  building,  as  the  effect  would 
be  spoiled  by  attachments  which  might  be  made  to  the  exterior. 
The  rooms  are  numerous  but  most  of  them  small,  as  only  one  or 
two  persons  would  in  general  engage  in  the  same  research  and  one 
experiment  would  often  disturb  another.  The  President  and  Pro- 
fessors should  all  live  under  the  same  roof  witii  their  work,  since 
it  ma}'  often  be  necessary  that  they  should  be  present  at  an}'  hour 
of  the  day  or  night.  Where  an  observation  must  be  repeated  at 
short  intervals,  inconvenient  working  hours  must  sometimes  be 
maintained  for  a  considerable  time. 

On  entering  the  building  we  find  that  it  is  arranged  like  a  hotel, 
with  long  entries  running  from  one  end  to  the  other,  and  rooms 
leading  off  on  each  side.  Two  iron  rails  are  laid  on  the  lower 
entry  and  continued  through  a  rear  door  in  a  straight  line  to  some 
distance  behind  the  building.  B}'  placing  a  car  on  them  with  one 
wheel  graduated,  as  proposed  by  the  Coast  Survey,  considerable 
distances  may  be  measured  with  the  greatest  accuracy.  These 
entries  will  have  various  other  uses,  as  in  photometr}*,  in  study- 
ing wave-motion,  elasticity,  resistance  of  pipes,  etc.  The  cellars 
should  be  dry,  properly  finished  and  lighted.  They  would  prove 
most  useful  for  accurate  measurements  or  other  work  requiring  a 
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uniform  tempcrafiiie.  Tlioy  would  also  contain  furnaces,  and  a 
«nuill  cnjfini'  lor  furnisiiinj^  power  tliroiigliout  tlic  huildin;^.  Stone 
piers  disconnected  with  the  floors  would  pass  through  the  building 
for  the  support  of  delicate  instruments.  !Many  of  these  might  be 
nltached  to  a  single  pier.  >.'uinerous  pipes  are  laid  under  the  Moors 
for  carrying  water,  gas,  oxygen,  hydrogen,  steam,  compressed  air, 
etc.,  to  any  desired  point.  Wires  are  also  provided  for  transmit- 
ting electric  currents.  Batteries  woulil  be  replaced  by  a  magneto- 
electric  machine  driven  by  the  engine  which  would  thus  enable  the 
electric  light  to  be  supplied  at  a  few  minutes  notice.  Various 
auxiliary  small  motors,  as  turbines  or  gas  engines,  might  also  be 
desirable.  Time  would  be  transmitted  electrically  throughout  tlie 
building,  and  a  chronograph  with  several  barrels  would  register 
observations  in  any  portion  of  the  building. 

These  examples  serve  to  show  the  system  of  cooperation  bj' 
which  various  appliances,  which  any  investigator  may  need,  might 
be  rendered  available  for  many.  An}'  one  who  has  engaged  in 
such  work  will  realize  how  much  would  be  saved  by  having  such 
means  of  measurement  always  read}'  for  immediate  use.  Often 
nine-tenths  of  the  time  is  spent  in  getting  instruments  ready  which 
have  not  been  used  for  months,  or  of  which  portions  are  used  for 
other  purposes. 

I  think  no  one  will  deny  that  the  scheme  here  proposed  would, 
if  carried  out  successfully,  greatly  increase  the  original  research 
of  the  country.  It  would  act  not  only  directly,  but  by  stimulating 
those  connected  with  other  institutions.  Doubtless,  too,  manj' 
amateurs  would  be  read}'  to  avail  themselves  of  the  facilities  here 
collected  and  contribute  to  its  support,  the  monej'  that  would 
thus  be  saved.  Were  it  desirable  to  let  it  conform  to  the  demands 
of  applied  science  much  useful  work  might  be  done  by  offering 
opportunities  for  testing  new  inventions  or  products.  For  ex- 
ample, the  power  and  economy  of  new  motors,  the  strength  of 
new  brands  of  steel  or  other  metals  could  here  be  determined  with 
accuracy  and  econom}^  The  advantages  of  a  corps  of  unpreju- 
diced ol)servers  whose  position  would  place  them  above  the  sus- 
picion of  partiality,  would  prove  of  great  value  in  manj'  cases. 
As  experts  in  a  legal  case  they  would  have  the  advantage  of  hav- 
ing at  hand  ever}'  appliance  for  proving  the  correctness  of  their 
statements.     But  apart  from  these  practical  applications,  in  the 
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realm  of  pure  science  no  one  can  den}'  the  value  of  the  results 
likely  to  accrue.  Not  onl}-  couUl  the  more  ditlicult  problems  be 
studied  to  better  advantage,  but  those  more  formidable  from  their 
extent  and  now  rarely  undertaken  by  a  single  individual  might 
easily  be  solved  by  cooperation.  Now  their  only  solution  depends 
on  an  occasional  Government  appr<)i)riatiou  where  large  [jortions 
are  often  lost  wilfully,  or  spent  ignorantl}-  by  the  manv  hands 
through  which  the  money  passes,  before  it  is  brought  to  bear  on 
the  scientific  conditions  of  the  problem. 

Let  us  now  return  for  a  moment  to  the  question  of  endowment. 
It  is  well  known  that  there  is  no  country  in  the  world  where  so 
much  money  is  given  b^-  private  individuals  to  the  encouragement 
of  education  and  science.  Such  persons,  not  unnaturall}-  wishing 
to  be  associated  with  their  gifts,  have  in  many  cases  established 
colleges  bearing  their  names.  Let  no  man  thiidc  that  he  will  now 
benefit  the  cause  of  higher  education  by  so  doing.  The  demand 
is  more  than  supplied.  "We  have  too  many  colleges  with  far  too 
little  endowment.  Each  new  college  seriously  injures  its  neigh- 
bors by  drawing  pupils  from  them,  and  if  iusufliciently  endowed  no 
one  can  be  expected  to  contribute  to  the  glory  of  another  man's 
name.  The  consequence  is  a  struggle  for  existence  on  the  part  of 
what  should  be  active  literary  institutions,  extending,  as  well  as 
disseminating,  human  knowledge.  The  same  remarks  apply  to 
other  literary  or  scientific  institutions,  as  libraries,  observatories, 
or  museums  of  natural  history.  No  benefit  accrues  to  science 
from  an  observatory  without  a  telescope,  or  from  a  telescope  with- 
out an  observer.  The  true  patron  of  science  will  select  an  object 
proportionate  to  his  gift.  If  he  will  abundantl}'  endow  any  one 
subject,  no  matter  how  limited,  he  will  confer  a  real  boon  on  his 
fellow  men. 

Finally,  the  advantages  of  establishing  the  institution  which  I 
have  described  are  that  it  opens  a  new  and  unoccupied  field.  It 
does  not  encroach  on  existing  institutions,  or  in  any  wa}-  injure 
them.  On  the  contrary,  if  associated  with  a  college,  it  would 
prove  a  great  benefit  b}'  the  increased  facilities  which  would  thus 
be  collected  together,  as  furnishing  instructive  employment  for  a 
time  to  some  of  the  graduates,  and  as  increasing  the  scientific 
atmosphere  of  the  place.  It  would  benefit  science  b}'  a  constant 
extension  of  its  boundaries,  and  if  properly  managed  should  be- 
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come  the  lica.Uiuarters  of  exi)criincntal  science  iu  the  couutry. 
Thtit  llie  cU'hiils  given  above  are  defective  and  open  to  criticism  I 
do  not  doubt,  but  tliat  tlie  object  is  laudable  1  presume  no  one 
will  deny.  Whoever  will  supply  this  want  will  leave  the  name  of 
one  who  extended  humau  knowledge  and  bcuelited  his  fellow 
men. 


PAPERS   READ. 


On  an  allkged  errou  in  Laplace's  Theory  of  the  tides. 
By  J.  G.  Barnard,  U.  S.  Army. 
In  a  paper  read  before  the  American  Association  and  printed  in 
its  Proceedings  (ButTalo  meeting,  August,  187G),  entitled  "Some 
Remarks  on  the  use  and  interpretation  of  particular  integrals 
which  'satisfy'  general  differential  equations  expressive  of  dy- 
namic problems,  in  cases  where  general  integration  is  impossible : 
Suggested  by  Laplace's  dynamic  Theoiy  of  the  Tides ;"  after  re- 
marking that  the  "particular  integrals"  of  Laplace  b}' which  he 
expresses  the  tidal  rise  and  displacements  are  all  "wave"  forms, 
which  for  the  semi-diurnal  tide  are  as  follows : 


cos  c  i 

a   or\2  nt-\-2  CO  -{-  2  <;'[ 

sin  {  J 


(in  which  a  Ms  a  function  of  the  disturbing  force  and  of  the  polar 
distance,  0),  occurs  the  following  passage  with  the  appended  foot- 
note : 

"For  the  semi-dixirnal  tide  the  values  of  the  coefficient  a  are  de- 
terminable for  a  continuous  ocean  of  uniform  depth,  if  the  changes 
in  right  ascension,  declination  and  distance,  of  the  attracting 
bodies  be  disregarded,  as  also  the  density  of  the  water  in  com- 
parison with  that  of  the  earth.  In  that  case  the  coefficient  a,  for 
tidal  elevation,  has  been  developed  by  Laplace  into  a  series. 

(1)  az=z  j!^'^  sin^  0  -\-  A^'^  sni'*  0  -f  A^'^  si7i^  0  .  .  .  .  etc., 

in  which  A  is  the  ratio  of  the  semi-diurnal  part  of  the  disturbing 
force  to  gravity,  i.e. 

A^'^  =  ,^cos^v 

ir^  g 

while  Ac  is  indeterminate  ;  and  the  remaining  coefficients  ^1^'^ 
A^*'  etc.,  are  determinate  linear  functions  of  these  two,  expressed 
by  the  equation 

(2)  0  =  .l^-^+'^(2/2  4-6/)-^^-^+'^(2/2-f3/)-f  4|-^^-^> 

*  rrinted  K  in  former  paper. 

(73) 
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T:ikin!Z  tho  al)ov('  value  for  A'' ' ;  rctaiiiiiiij  tlio  symbol  ^-r  ^  to 
ri'prc.si'iit  (iii>/  :iil»itr:iry  value;  deteruiiiiiiii;  liy  (2)  the  ollicrs  in 
tt-rins  of  these  two,  we  sliouUl  have  an  expression,  in  series,  for 
the  tiilal  rise,  niaile  up  of  tiro  sets  of  terms  one  of  which  lias  for 

multiplier  tlie  disturbing  (or  title-generating)  force  A  (which 
tlisMppcars  if  that  force  has  no  existence)  ;  tiie  other  has  for  nuil- 

tiplit-r  llie  indeterminate  or  arbitrary  quantity  ^1^  — which  set 
having  no  dependence  upon  a  distnrl)ing  force,  evidently  expresses 
a  i)eculiar//re  UHtre  semi-diurnal  in  its  phases,  which,  once  put  in 
motion  {i.e.  i?i///a//y  established),  may  exist,  7*<'.s/.s/a»ee.'i  of  friction,, 
viscosity,  etc.,  abstracted,  not  onl^'  independentl}'  of  the  disturbing 
force  but  simultaneonsl}'  and  cuvailatively  with  the  'forced  wave' 
expressed  by  the  terms  in  ^-1  .  Uut  this  free  wave  'is  one  of  the 
oscillations  which  depend  on  the  i)rimitive  state  of  the  sea,'  and 
w  liicli  •  nuist  (piieUly  have  disappeared  by  resistances  of  various 

kinds.'  1,  therefore,  omit  entirely  all  terms  having  ^1  as  a 
coefficient  (which  is  equivalent  to  putting  A=.  0)  etc.,  etc." 

NOTE    TO    ABOVE. 

"  Mr.  Airy  has  somewhat  sharply  criticised  Laplace  for  the  unwarranted 
inferenco  tliat  ^i^"^  is  sul)ject  to  the  law  governing  the  succeediiiji  coeffi- 
cients, expressed  liy  tlie  equation  (2).  I  tliink  the  above  remarks  justify 
my  partial  concurrence.  But  Mr.  Air}-,  retaining  Laplace's  developraeuts 
(with  J  ^''llius  determined  ;  which  only  amounts  to  so  mucli  increase  to 
the  coefTicieuts  of  the  ari)itrary  series  wiiich  he  adds),  atlirnis  that  Laplace 
'ouuht  to  have  added  to  tins  series'  the  very  terms  which  I  have  omitted, 
as  expressing  what  Laplace,  at  the  outset,  in  language  I  liave  twice  quoted, 
rnJpd  out.  These  remarks  seem  necessary  to  ex|)lain  wliy  I  use  an  expres- 
sion not  oidy  diflerent  from  Laplace's,  but  also  from  Mr.  Airy's  correction. 
Mr.  Airy  remarks  that,  through  the  indeterminateness  of  .l'''^  the  condi- 
tion may  be  imposed  that  the  meridional  component  of  tidal  motion  be 
nothing  for  a  prescribed  latitude  —  i.  e.,  that  "an  cast  and  west  barrier 
following  a  parallel  of  latitude  be  erected  in  the  sea;"  or  in  other 
■words  that  the  ocean  be  bonnded  north  and  south  of  the  equator  by 
shores  following  certain  parallels.  This  must  be  admitted;  and  likewise 
that  to  accomplish  it,  one  of  those  'quickly  disappearing'  inilial  oscilla- 
tions (j.  e.  free  leaves  having  the  A^''^  coefficients)  is  involved. 

One  further  remark  may  be  made.  The  A^  ^  terms  represent  an  abso- 
lutely 'free' wave,  inasmuch  as  it  can  exist  even  thouiih  there  be  no  semi- 
diurnal distorting  force.  They  also  represent  an  oscillation  which  when 
superimposed  upon  the  'forced'  wave,  the  two  tot/ether  'satisfy'  the 
conditional  equation  (as  the  latter  does  singly).  As  in  the  case  of  the 
diurnal  motion,  tliis  superimposed  oscillation  (absolutely  arbitrary  in  the 
m(t/j)ii(iide  of  its  development)  is  neither  generated  nor  maintained  by  the 
disturbing  force.  To  the  former,  however,  the  external  force  is  indis- 
pensable in  order  to  suppress  the  strains  which  would  mar  the  quasi- 
solidity  of  the  water  (and  the  .se//-maintonance  of  the  motion);  but  the 
latter  is  absolutely  independent  of  such  force.  I  cannot  doubt  that  I  am 
right  in  my  position  that  this  latter  would  (through  resistances)  speedily 
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disappear  and  settle  down  to  the  dynamic  'oqullibrium'  expressed  by  the 
terms  in  .1  ^'^  :  in  other  words,  the  M'orcod'  wave  alone  :  nor  that,  thouj^h 
it  'satistles'  the  conditional  equation,  it  slionlii  form  no  part  of  tlie  solu- 
tion, eiihtT  in  the  dis;L:uised  lorin  in  wiiich  Laplace  has  introduced  it;  or 
in  the  explicit  form  yiven  it  by  Mr.  Airy."* 

At  the  time  of  reading  ti\e  above,  and  for  nearly  a  3'ear  after- 
wards, I  was  unaware  that  the  matter  Iwid  previously  been  the  sub- 
ject of  comment.  The  very  able  ''Tidal  Researches"  of  Mr.  A\  ni. 
Ferrel  (published  b}'  the  U.  S.  Coast  Survey  in  1875)  early  re- 
ceived, but  mislaid,  had  remained  unexamined  ;'^  while  Sir  William 
Thomson's  paper  in  the  Philosophical  Magazine,  September,  1875, 
"On  an  alleged  error  in  Laplace's  Theoiy  of  the  Tides"  did  not 
come  to  my  eye  till  quite  recently.  After  quoting  from  Mr.  Fer- 
rel as  follows : 

"Laplace,  however,  failed  to  interpret  correctly  in  this  case  his 
own  solution,  so  that  the  numerical  resiUts  which  he  has  given  for 
different  assumed  depths  of  the  ocean  are  erroneous  ;  but  still  the 
general  residts  just  stated  are  readily  seen  from  the  solution. 
Having  failed  to  see  the  indeterminate  character  of  the  problem, 
he  adopted  a  singular  and  unwarranted  principle  for  determining 
the  value  of  a  constant,  which  is  entireU'  arbitrary  in  the  case  of 
no  friction,  but  which  vanishes  in  the  case  of  friction,  however 
small.  This  oversight  of  Laplace  and  the  indeterminateness  of 
this  constant  were  sul)se(iuently  pointed  out  b}'  Air}' ;"  —  Sir  Wil- 
liam makes  the  following  comment : 

"The  'singular  and  unwarranted  principle'  thus  referred  to,  is 
in  fact  an  exquisitely  subtle  method  b}' which  it  seems  Laplace  had 
determined  a  constant    which  is  not  arbitrary  in  any  case,  and 

^  Tli.Tt,  while  tlic  free  wave  will  "sjieedily  tlisappcar,"  the  theoretic  "foi-ceil  wave" 
will  with  etiiial  .«i»eeil.  by  action  of  the  identical  ''resistances,"  be  dcg-raded  into  some- 
thing: wholly  diflferent  which  can  be  maintained  by  the  tide-producing  forces  only  in  this 
deprailcd  form,  is  obvious  enough.  Nevertheless,  it  is  the  logic,  good  or  bad,  of  the 
method  that  the  latter,  in  their  jjristine  form,  are  accepted  as  the  true  tidal  types  while 
the  former,  having  no  self-maintaining  power,  are  ruled  out.  And  the  logic  is  ceitainly 
good  when  it  is  only  a  question  of  free  waves,  non-synchronous  with  the  tid:il  forces, 
and  dissunilar  in  manifestation;  for  such  are  wholly  alien  to  tides  ;  while  the  theoretic 
forced  wave  may  be  regarded  as  our  ideal  concei>tion  of  an  actual  tide;  or  if  the  term 
is  liked  better  as  an  approximation  (even  though  it  he  not  one').  It  is  certainly  less  co- 
gent, il'there  be,  as  stated  above,  a  free  wave  not  only  synchronous  with  the  forced  tidal 
wave,  hut  capable  (resistjinces  apart)  of  existing  cumulatively  with  it;  both  requiring 
i»(7i((/ establishment;  neither  being  compatible  with  resistances.  But  the  doubt  that 
then  arises  involves  the  methofl,  rather  than  the  logic. 

3  Mr.  Ferrel  anticipates  my  views  in  the  words  "But,  except  in  the  case  of  a  perfect 
fluid  without  friction,  the  only  value  to  be  used  is  that  of  A  i<)  (Laplace's  A)  (-)  =  O, 
which  makes  the  oscillation  depend  entirely  on  the  distorting  force  and  vanish  with  it." 
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wliicli  caniioL  be  more  lli:in  iiilinitesimuUy  inodilied  by  infinilesiinal 
friLa!un."-« 

The  expression  (2),  p.  73  (in  wliieh  Laplace's  own  notation  is 
used),  may  be  put  in  the  form  : 


(3) 


^(/+l) 

n^-t-lff 

A^ 

Tlic  value  of  — ,  .  ,  .■  in  the  denominator  may  also  be  expressed 

by  (3)  (substituting  througliout/-[-  1  for/,)  and  then  substituted  in 
(3)  ;  by  which  — — —  will  be  expressed  as  a  function  of  ^' ," .  .  ,,. 

Continuing  this  process  indefinitely  we  obtain  the  value  of  the 
first-named  ratio  as  a  "  continued  fraction."  But  to  calculate  its 
numerical  value  we  must  stop  at  some  point,  throwing  away  the 

filial  —r-r-, TT  of  the  denominator ;    and    this    is   equivalent   to 

saying  that  for  some  large  value  of  the  index,  /,  - — -  —  is  zero; 

i.  e.,  that  the  series  of  coefficients  J.^  ,  A  ,  A^^\  etc.,  becomes 
rapidly  convergent.  The  process  amounts  to  determining  back- 
loards  the  successive  values  — —- —  ,  ——-. — r^  ,  — — — —  in  terms  of 

A  (J)  A^-f-^)      A  if-'^) 

the  most  remote  ones,  assuming  for  some  one  of  these  a  limiting 
value  so  nearly'  zero  that  it  may  be  discarded  ;  indeed,  without 
this  assumption,  the  fraction  cannot,  appioximately  even,  be  com- 
puted. Hence  also  the  very  first  ratio  — ~,  must  be  determined 
by  the  use  of  this  continued  fraction  ;  and  this  is  the  "exquisitely 
subtle  method"  of  Thomson  —  the  "mere  spoit  with  symbols" 
of  Airy,  b}'  which  Laplace  determines  the  constant  ^(°) . 

On  this  point  I  quote  from  Mr.  Airy's  brief  replj'  to  Sir  "Win. 
Thomson's  criticism  (changing  however  iiis  symbols  into  those  of 
Laplace) : 

"Now,  an  equation  like  this,  which  gives  the  third  term  in  terms 
of  the  fii-st  and  second,  the  fourth  term  in  terms  of  the  second 
and   third,  and  so  on,  must  have  the  first  and  second  terms  as 

*"  Les  resistances  de  tout  genre  que  les  eaux  de  la  mer  eprouvent  dans  leur  viouve- 
ments,"  for  reason  of  which  I^aplace  exchides  such  constants,  are  (to  iny  miud)  quite 
a  (liflferent  matter  from  an  infinitesimal  friction."  —  J.  G.  B. 
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fomulations  or  origins  wherefroin  to  start  for  the  formation  of  the 
entire  series.  There  is  no  mure  gruiind  for  inferring  the  second 
term  from  the  general  subordinate  equation  tlian  Am- inferring  the 
first  term  from  it.  The  first  and  second  terms  must  stand  on  their 
own  foundation.  The  value  of  ^1^')  is  perfectly  clear,  namely, 
^1  (  )  __  ±^  ^^g'2  y  /j^Qt  deduced  from  the  general  subordinate  equa- 

tion).  But  how  with  regard  to  yl^  ?  The  subordinate  equation 
12(..4^    — ^1    )=  0  gives  no  information  whatever;   and  I  infer 

from  this  that  we  may  give  to  A  any  value  that  we  think  fit  (as 
regards  the  equation,  unlimited  bj'  boundaries,  etc.,  with  w  hich  we 
started),  or  any  value  that  maybe  requiied  by  physical  circum- 
stances not  3-et  introduced  (as  the  boundary  of  tlie  sea).  13ul 
does  any  arbitrary  value  of  yl  really  satisf3'  the  original  equa- 
tion? It  does.  Then  I  say  that  ^i  is  truly  an  undetermined 
quantity',  which  may  perhaps  be  determined  hereafter  by  reference 
to  physical  conditions  not  yet  slated,  but  which  cannot  under  any 
circumstances  be  inferred  from  the  general  sul)ordinate  equation. 
And,  so  far  as  1  know,  the  whole  course  of  applied  algebra  does 
not  offer  a  more  certain  conclusion.  I  scarcely  need  to  add  that  I 
look  upon  Laplace's  process  as  a  mere  sport  with  symbols,  and 
upon  La|)lace's  conclusions  as  a  grievous  error."  (Phil.  Mag.  Oc- 
tober, It)  75.) 

The  assumption  as  we  have  seen,  of  a  value =  zero  (or 

an  indefmitel}'  small  quantity)  determines  all  the  ratios  which 
precede  it.  Now  let  us  see,  generally,  (t.  e.,  this  assumption  not 
made),  how  the  final  ratios  are  expressed.  Expression  (2)  rna}-  be 
put  in  the  form 

fO\  .f(/  +  2)_2/-f.3     .(/-i-l)  l„  .(/) 

V-;a  ^^  — .2/+6^  /(/-I-3) 

If  the  ratio  of  A-^  to  A  is  not  very  small  when  /  is  very 
great,  the  final  term  becomes,  relatively  to  the  other  two,  a  small 
quantity  which  may  be  omitted.  Ilcnce  we  get  for  the  ultimate  con- 
vergence of  the  coefficients  of  the  series  for  a,  (1),  when  sin  0  :=.  \  \ 

and  for  the  consecutive  coefficients  of  those  for  /  ?  i  the  ultimate 

a,  sm  $ 

ratio  will  be  found  to  be 
Degrees  of  convergence  (slowly  to  unity)  which,  in  general. 
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leave  the  convergency  of  series  such  as  that  (1)  for  a  ^"d  ^j^-^ 
when  sin  0  is  unity,  doubtful.  Subjected  to  the  usual  tests,  the 
series  (1)  (for  a,  with  sin  d  =z  \)  is  convergent;  that  for  ^^ '^^^■" 
divergent  or  infinite  ;  but  to  produce  ^  this  last  must  be  multiplied 
by  cos  0  which  becomes  zero.  The  resultant  value  is  finite.^  Or  as 
Sir  Win.  Thomson  states,  "  when  sin  0  is  nearly  equal  to  unity,  a 
is  finite;  and  so  also  is  (1  — sin^O)'^  ^^  °  ^,  or  ^.  Now,  clearl}',  at 
the  equator  we  must  have  ^  =:  0  because  of  the  symmetry  of  the 
disturbance  in  the  northern  and  southern  hemispheres."  Hence, 
he  argues,  the  ratio  in  question,  instead  of  converging,  as  above, 
to  1  —  :^,  or  unit}-  nearly,  should  converge  to  zero.:  i-^-t  be  that  of 
Laplace's  continued  fraction  :  and  hence  that  the  series,  (1),  with 
coi-'flicients  thus  determined  is  the  only  admissible  one. 

When  the  coefficients  A^'\  A'-*^  ....  A^'^\  are  (by  form  (2)  ) 
otherwise  computed,  from  any  arbitrary  value  of  A^  \  the  series 
(1)  will  be  made  up  of  two  sets  of  terms,  one  having  A^\  the 
other  ^1     as  a  common  multiplier,  thus 

(4)  ^1^'^  (sin^  0  +^j^'^  sm^'^  0  -{-p^*^  sm^'^  ^  .  .  .  +p  ^-^^sin^^  0  .  .  .) 

(5)  -f  A^'\sin^  0  +  5^'^  siu^  0  -\-  q^*^  sin^O q'-^\in^-^  0  .  .  .) 

The  resultant  value  of  an}-  coefficient  of  (1),  A^'^\  being  j^^^ 
p  (/)  +  ^C')  ^(/)^  ^.hiie  ^,(/),y/+i)  .  .  .  5^/),  5C/+1)  gt,^  are-each 

series   independentU'  —  subject   to   the   law   governing   the  ^  • 
in  (2)  ;   but  as  they  do  not  result  from  the  continued  fraction, 
consecutive  values  must,  for  large  values  of/,  converge,  as  shown 
by  expression    (2)^,   to   near   equality    (involving   uniformit}'  of 
algebraic  sign),  in,  respectivel}',  each  of  the  two  series.     That 

^^-j-T- —  should  be  infinitel}'  small  implies  that  ^^-—- 

3 
» It  is  Sir  Wm.  Thomson's  remark  that  the  rate  of  convergency,  1  —  5—%,  is  exactly 
1  *■  ■^ 

that  of  development  of  (1  —  x'^)'i  when  x  is  unity ;  or,  in  other  words,  of  the  cosine  de- 

(l  (\  — —  3?"^ 5  X 

veloped  in  terms  of  the  sine.    For  the  same  reason  that  — ^ — 3 — ^(or, ;)  is  in» 

o*  {X  —  x"-)h. 

finite,  while  (l—a;-)i ; is  finite  (with  a;  =1):  Eoare-^ — : — -  infinite,  and  tr::  Jt- 

'  ^  dx  d  atne  '  d  d  ' 

nite  when  (with  above  convergencies)  sin  9  =  1. 
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should  be  infinitel}"  small  •when  --^  is  determiiiecl  by  the  contin- 
ued fraction.  But  if  the  p's  and  q's  were  both  positive  this  ratio 
would  be  unity  (nearly).  Tlie  first  set  (4)  (forgiven  sea  depth) 
is  alwavs  the  same  ;  the  other  (5),  for  all  values  of  A{-)  and  same 
sea  depth  must  be  of  reverse  (ultimate)  sign,  and  the  diffi'vence  of 
the  two  terms  of  the  numerator  must,  for  this  (Laplace's)  partic- 
ular  value  of  —7-,  be  infinitesimal  compared  to  that  of  the  two 

terms  of  the  denominator ;  and  it  is  clear  that  — ry-  can  differ  but 

f 

slightly  from  —  -y,  or  from  the  ultimate  ratio  of  the  p's  and  the  q's. 

According  to  Sir  Wm.  Thomson,  "Laplace's  process  simpl}'' 
determines  ^-1^"^  to  fulfil  the  condition  that  ^-^  =  0  at  the  equator. 
Laplace's  result  is  therefore  the  solution  of  the  deter- 
minate problem  of  finding  the  tidal  motion  in  an  ocean  covering 
the  whole  earth  continuously  from  pole  to  pole." 

If  the  series  (1)  fails  at  the  equator  b}'  yielding  a  finite  and 
therefore  impossible  value  for  ^  (the  s\-nimetr_y  of  the  tidal  form 
for  the  two  hemispheres  renders  such  a  value  impossible),  must  it, 
therefore,  be  rejected  everywhere  else,  even  though  except  in  a 
very  narrow  equatorial  zone,  the  series  is  rapidl}' convergent  j'ield- 
ing  values  of  tidal  rise  and  motion  consistent  with  the  conditions 
of  the  problem? 

The  question  involved  is  whether,  in  a  frictionless  perfectl}-  fluid 
ocean  of  uniform  depth,  simple  semi-diurnal  tidal  waves  are  pos- 
sible results  of  the  semi-diurnal  terms  of  the  solar  and  lunar  at- 
tractions unaided  by  the  free  wave  expressed  by  Laplace's  value 
of  the  arbitrary  constant  A  .  I  incline  to  the  belief  that  such 
wave-forms  (or  at  any  rate  such  as  extend  from  pole  to  pole)  are 
limited  to  the  case  in  which  the  depth  (as  it  ought)  diminishes,  as 
the  sin^  0  {i.  e.  as  the  square  of  the  necessary  longitudinal  veloc- 
ity of  loave  motion)  and  in  which  the  tidal  rise  varies  with  latitude 
as  does  the  semi-diurnal  term  of  the  potential  of  the  disturbing 
force  (likewise  as  the  sin^  0).  This  case  alone  yields  (Airy,  §  108) 
a  solution  in  a  finite  form,  and  moreover,  without  the  aid  of  an 
(independent  of  the  sustaining  force)  auxiliary  wave. 

None  of  the  commentators  have  contested  that  the  expression 
(5)  represents  an  arbitrary  oscillation  independent  of,  and  unsus- 
tained  b}*,  the  tide-producing  force.     Hence  it  is  one  which  "must 
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(in  tliii  langnaj^c  of  Laplaco)  quickly  have  disaitpearcd  Ijy  resis- 
tances of  various  kinds."  It  is  indeed  quite  true  tliat  his  analysis 
lias  disr('<zai(k'd  all  those  "resistances,"  and  that  its  "'particular  in- 
tegrals" which  areoHV-red  us  as  "solutions"  could  only  be  realized 
as  phenomena,  by  "perfect"  and  "frictionless"  fluids  —  that  the 
very  motions  these  integrals  imply  must  be  initialh/  <^\\cu — that 
the  tide-producing  inllucuce  does  not  generate  (and  therefore  cannot 
be  truly  said  to  cause)  them  ;  when  they  are  once  initially  \mpa\tcd 
it  so  modifies,  over  the  surface  of  the  earth,  the  force  of  gravity, 
that  these  waves  will  maintain  themselves,  if  there  be  no  "resis- 
tances." 

Nevertheless,  although  "oscillations"  (of  this  determinate  ini- 
tial kind)  "which  depend  on  a  primitive  state  of  the  sea,"  must 
therefore  be  implied,  we  are,  after  all,  seeking  to  apjyroximate  ouv 
theoretical  to  actual  tides^  (or  at  least  to  what  actual  tides  would 
be,  did  the  ocean  extent  and  bottom  correspond  to  assumption) 
and  therefore  Laplace,  not  merely  to  make  integration  practicable 
but  in  the  cause  of  truth  itself,  "rules  out"  all  "primitive  oscilla- 
tions" which  do  not  "depend  on  the  action"  of  "the  sun  and  moon." 
Nothing  can  be  more  explicit  in  language,  nor  more  clear  in  its 
reason,  however  unsatisfactorj'  the  result  may  yet  be  thought,  still 
failing  as  it  does  to  express  the  actual  tides  of  nature. 

Laplace's  ruling  and  its  rationale  alike  forbid  the  introduction 
of  arbitrary  constants  into  these  particular  integrals  which  "sat- 
isfy" his  general  differential  equation  [2380]  (Bowditch).  They 
(the  constants)  represent  oscillations  (even  though  — a  subordinate 
case  —  they  are  used  to  limit  the  ocean  surface)  which  do  not  "de- 
pend on  the  action  of  these  bodies"  (the  sun  and  moon)  ;  do  not 

« If  tliis  be  not  the  object,  we  might  quite  properly  begin  with  what  would  be  es- 
teemed the  most  natural  beginning,  i.  e..  a  state  of  rest.  We  sliould  then  (supposing 
the  problem  solvec^  have  a  tidal  development,  waxing  from  zero  over  the  wliole  sur- 
face to  its  maximum  phase  in  some  unknown  "period," — varied  by  tiie  diurnal  or 
semi-diurnal  effects  of  the  tide  generating  force  — and  waning  back  again;  complicated 
phenomena  having  several  "periods"  and  corresponding  to  nothing  actual  (See  Airy, 
§  -294,  for  a  canal). 

If  '-resistances"  be  considered,  it  is  quite  true  (though  in  no  other  case)  that  '-oscil- 
lations depending  on  the  primitive  state  of  the  sea,  "need  not  be  taken  account  of. 
This  is  what  I  suppose  Sir  Wni.  Thomson  to  mean  in  his  paragraph  11,  though  I  see  no 
ground  for  taking  exception  (as  he  does)  to  the  prefatory  ruling  of  Laplace,  who  does 
not  take  account  of  tliem.    My  own  comment  was  :  — 

"Such  is  the  problem  of  Laplace ;  but  the  real  problem  is  this :  Since  all  initial  dis- 
turbances speedily  vanish,  tliereforc  a  state  of  equilibrium  may  be  assumed  as  the 
'luimitivc  state  of  the  sea;'  — and  the  problem  becomes,  "from  a  state  of  equilibrinm 
to  find  what  at  any  future  time  would  be,  subjected  to  the  action  of  the  foreign  attrac- 
tion and  of  resistances  of  different  kinds,  the  form  and  motions  of  the  sea." 
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vanish  with  it;  and  hence  must  bo  self-sustenant,  which  they  can 
not  be  since  they  ''  would  quickly  have  disnppeared  by  resistances 
Df  ditferent  kinds."  ^ 

The  matter  involved  in  the  question  of  this  alleged  error  is  of  the 
slightest  practical  importance.  The  results  of  Laplace's  celebrated 
theory,  owing,  as  stated  by  himself,  to  "  the  irregularity'  of  the 
rlepth  of  the  ocean,  the  manner  in  which  it  is  spread  over  the 
earth,  the  position  and  declivity  of  the  shores,  their  connections 
with  the  adjoining  coasts,  the  currents,  and  the  resistances  which 
the  waters  sutler,"  have  little  relation  to  the  actual  tides ;  and 
indeed  (if  we  except  the  long  period  tides,  identical  in  expres- 
sion by  the  "  equilibrium  "  and  the  Lai)l:;ce  theories),  scarcely  anj' 
more  real  relation  even  when  the  hypothetical  ocean  and  absence 
of  resistances  (of  the  analysis)  are  conceded.  Forced  to  disregard 
the  proper  motions  of  the  sun  and  moon  they  are,  even  then,  more 
mechanical  theorems.  The  profound  generalization  with  which  the 
problem  at  the  outset  is  set  forth,  and  the  transcendental  character 
of  the  anal^'sis  applied,  onl}'  make  more  conspicuous  the  paucity 
and  particularity  oi  its  results;  all  of  which  can  bo  attained  by 
very  simple  considerations;^  and  none  of  which  have  been  (in 
contrast  to  the  decried  equilibrium  theory),  of  any  practical  value 
in  tidal  discussions,  not  even  in  those  subsequentl}-  made  by  La- 
place himself.  Far  more  just  to  my  mind  than  the  exalted  eulog}' 
of  Mr.  Airj',  Tides  and  Waves,  §  117,  quoted,  with  concurrence,  as 
the  concluding  paragraph  of  Sir  Wra.  Thomson's  paper,  is  the  com- 
ment of  Prof.  Forbes  (6th  Dissertation  Encyc.  Britta.,  8th  Ed.)  : — 

"  It  is,  in  fact,  like  many  other  productions  of  the  same  age 
and  school,  a  great  display  of  ingenuit}'  and  mathematical  skill, 
which  hardly  yields  a  single  result  worthy  of  confidence  or  agreeing 

'  A":  to  the  objections  that  any  of  these  (expressions)  A  -valued  free  waves  of  semi- 
diurnal periocl  can  only  exist  with  certain  "critical  depths"  —that  with  such  depths 
(::s  i:i  canaU).  the  corresponding  "forced"  (or true  tide)  wave  would  be  i.ifinite;  I  can 
only  reply  that  I  know  no  such  "critical  depth"  for  uniform  sea-depths,  since  tlic  wave 
velocities  must  vary  with  fhe  cosine  of  the  latitude-,  demanding  by  this  r.:le,  for  each 
latitude  a  different  depth  :  that  for  all  values  of  A^'^'  they,  whether  or  not  combined 
with  tlie  forced  wave,  fulfil  for  all  d'ptlis  the  equation  whicli  e.\'iiresse>  the  dvnamic 
conditions  of  the  problem.  Incidentally  I  remark  that  the  internal  motion  involved  is 
quite  different  from  that  of  the  free  cnH«/-\vave  (wl  ich  seems  to  be  made  a  criterion); 
and  that  for  Laplace's  first  example  ('lepth  =,,-j,ijj^.orl.',mile)  when  the  tido  is  inveitcd 
(negative)  near  the  equator  and  direct  (positive)  above  18°  (the  latitude  at  which  t'.ic  free 
canal-wave  moves  sym-hronously  witii  tlie  force),  tlie  transition  resulting  from  tlic  ana- 
lytical expression  is  not  through  infinity  but  through  zero. 

»  See  («.  g.)  Mr.  D.  D.  Heath's  paper,  in  the  '•  Philosophical  Magazine,"  M.ay,  ISd". 
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with  nntiiro,  except  by  tlie  altamloniiiont  of  its  deductive  rigor,  or  a 
concealed  iiidnction  l)aclv\vard  IVom  the  plieiKjinena  to  l)e  accounted 
for." 

Mr.  Airy  himself,  almost  In  the  same  breath  of  his  eidofry.  says  : 
"As  it  is,  Laplace's  theory  fails  totall}'  in  a|)plication,  from  the 
impossibility  of  introducing  in  it  the  consideration  of  the  bound- 
aries of  the  sea If  we  l<«>k  to  the  results 

of  the  theory,  it  will  be  f<Mind  that  they  are  rather  of  a  negative 
than  of  a  positive  kind."  lie  then  specifies  these  "  negative  "  re- 
sults as  follows :  "  they  show  "he  says,  "  that  without  a  far  more 
complete  knou-Jeclge  of  the  form  of  the  bottom  of  the  sea  than  ive 
can  hope  to  2yossess,  it  tcill  be  impossible,  even  loith  more  poicerfnl 
mathematics,  to  calctdate  tides  a  prion  ....  that  calculations 
founded  on   the  equilibrixim  theory  cannot  be  good  for  anything." 

"  In  proving  that  {icitJi  the  sea  at  least  of  a  certain  shaUoicness) 
the  part  of  the  equator  next  the  moon  icoxdd  be  the  place  of  low 
water,  they  destroy  all  hope  of  using  the  egnilibrinm  theory,  even  os 
a?i  approximation.  In  establishing  the  reniarlrdjlc  residl  as  to  the 
non-existence  of  diurnal  tide  ?n  height  ichen  the  depth  is  uniform, 
they  shoiv  that  no  inference  can  be  drawn  from  the  mere  magnitude 
of  a  force  as  to  the  magnitude  of  the  effects."  (Air^-,  "  Tides  and 
Waves,"  §  118.) 

"  It  does  not  seem  to  me  (I  stated  many  years  ago,  Am.  Jour, 
of  Science,  1859),  that  so  difficult  and  profound  a  course  of  analy- 
sis was  at  all  necessary-  to  arrive  at  these  negative  results."  Even 
the  inverted  tides — and  \\\Gnil  diurnal  tide  (the  wiosi remarkable  re- 
sults)— have  been  otherwise  easily  inferred  (see  Mr.  Heath's  paper 
above  alluded  to)  :  while  few  will  concur  in  the  astonishingl}' 
broad  and  even  paradoxical  statement  based  on  the  latter,  "  that 
no  inference  can  be  drawn  from  the  magnitude  of  a  force  to  the 
magnitude  of  its  effects."  ^ 

*  I  remark  elsewhere,  that  the  motions  indicated  by  the  particulai"  integrals  of 
Laplace's  solutions  are,  in  no  proiier  sense,  effects  of  the  foreign  attractions— not  being 
generated  liv  them  but  needing  initial  establishment ;  that  particular  tidal  phenomenon 
upon  which  Mr.  Airy  bases  the  above  startling  conclusion  furnishing  an  apt  illustration. 
Not  only  is  there  '"non  existom  e  of  diurnal  tide  in  hdght,"  but  there  is,  absolutely 
speaking.  "  non  existence  "  of  other  motion  than  that  o{ p re-existent  diurnal  rotation; 
the  relative  motion  of  the  water,  as  regards  the  nucleus,  being  due  to  a  slightly  shilted 
position  of  the  diurnal  rotation  axis  of  t'.ie  aqueous  shell,  as  if  it  were  solid,  a  shirting 
not  produced  hy  the  sun  or  moon;  to  maintain  the  ever  varying  degree  and  direction 
of  which  in  harmony  with  the  motions  of  these  bodies,  a  "deua  ex  machina"  must  be 
invoked. 
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Of  the  three  tidal  forms  as  tcorkedout  l\v  Laplace  (though  doubt- 
less his  analysis  opens  the  way  to  much  greater  refinement  of  solu- 
tion), that  for  the  secular  (semi-annual  or  semi-monthly)  tide  is 
identically  tliat  of  the  '*  equilil»rium  theory."  Tiiat  for  the  diurnal, 
with  its  revelation  of  nil  tidal  elevation  for  uniform  ocean  deptli, 
expresses  a  "  purely  medianical  theorem,  alien  to  the  conditions 
under  which  '  tides'  are  generated  "  (see  paper  cited  in  "  Proceed- 
ings A.  A.  A.  S.,"  1870).  That  for  the  semi-diurnal  tides,  of 
doubtful  applicaliility,  has  just  been  commented  upon.  The  only 
fuiite  solution  for  this  case  (see  page  79),  due  to  Mr.  Airy,  and 
not  to  Laplace,  api)lies  not  to  uniform  depth,  but  to  depths  van- 
ishing at  the  poles. 

It  is  somewhat  amusing  that  Laplace  gravely  prefaces  his  final 
resort  for  semi-diurnal  tides,  the  assumption  of  uniform  dei)ths 
(and  announces  its  motive)  thus:  "We  have  remarked  tliat  to 
satisfy  the  observations  we  must  suppose  the  depth  of  the  sea  to 
be  nearh"  constant." 

The  "  observations"  denoted  are  that  in  our  seas  the  twosemi- 
diurnals  of  the  same  daj'  differ  little  in  height — and  hence,  since 
there  are,  apparently,  no  diurnal  tides,  his  nil-diurnal  tidal  theo- 
rem implies  "  constancy'"  of  sea  depth.  Whereas  in  the  Pacific, 
the  largest  ocean  area,  the  diurnals  are  really  conspicuous,  vying 
in  magnitude  with  the  serai-diurnals.  The  investigation,  doubt- 
less, has  a  more  adequate  motive  than  that  derived  from  a  com- 
parison of  the  results  of  a  so  purely  mechanical  and  non-applicable 
theorem  with  the  actual  phenomena  of  tides  in  our  oceans,  where 
none  of  the  hypothetical  geodesic  conditions  are  fulfilled,  and 
where  the  disregard  of  the  proper  motions  of  the  sun  and  moon 
makes  the  theorem  itself  "  alien"  to  tidal  conditions.  A  like  dis- 
regard (a  retreat  from  the  difficulties  of  the  problem)  of  the 
proper  motions  of  the  attracting  bodies — of  the  density  of  the 
water — makes  this  semi-diurnal  tidal  expression,  otherwise  unsatis- 
factory as  we  have  found  it  to  be,  little  more  than  another  more 
mechanical  and  non-applicable  theorem  ;  and  having  no  claim  of 
superiority  as  a  representation  of  facts  over  the  equilibrium  theory. 

Indeed  the  so-called  "dynamic"  theory  of  Laplace,  judged  i)y 
its  ultimate  expressions,  is  essentially  an  "equiKbrium"  theory 
involving  motion  indeed,  but  a  motion  of  invariable  modulus  while 
dependent  on  ephemeral  conditions  ;  exacting  that  the  sun  and 
moon  "stand  still;"   a  motion  not  called  into  existence  by  the 
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ti(lc-eaiisin<i  force  whicli  in  nature  is  iiiccssaiitly  <rciu'r:ilin<i;  ami 
re-geiicralii)<;  tidal  motions  iiari-pussn  as  lliey  are  destroyed  Ity 
"resistances,"  rendered  ahiKjiinal  l>y  wimls  or  eartlujnaUes,  or 
varied  to  correspond  to  its  own  fliictnatinii  natnie.  In  poitraying 
the  tides  of  natnre  as  an  initialli/  imjm'sseil  distnrliance  (no  inoie 
capable  of  maintaining  its  intpgrilij  tlian  is  the  •*  free- wave  "  its 
existence  aijainst  the  "resistances")  its  indications  of  the  magni- 
tnde  of  development  and  of  the  disposition  of  tlie  tidal  elevations 
are  quite  as  faHaeious  as,  and  more  unlike  nature  than,  those  of 
the  equilibrium  theor\',  even  if  we  concede  the  non-natural  con- 
tinuous ocean  and  sim[)le  law  of  depth  to  which  as  the  onl}- 
solution-yielding  hypothesis,  the  theory  is  driven. 

It  is  not  contended  that  the  "dynamic"  theory  with  its  ini- 
tial "wave"  (the  wave  being  a  form  in  which  a  true  dynamic 
theoiy  must  necessarily  reveal  itself)  is  not  an  advance  on  the 
rude  equilibrium  theory.  It  is  contended  that  the  unlimited 
breadth  of  generalization  with  which  the  investigation  is  com- 
menced, and  the  formidable  analytical  machiner}-  brought  to 
bear,  result  through  ultimate  abandonment  of  all  that  is  general, 
and  nearly  all  that  is  natural,  only  in  mechanical  theorems  which, 
however  elegant,  are  alien  to  the  tides  of  nature,  or,  if  we  seek 
in  them  results  not  "alien,"  the}'  turn  out  to  be  a  few  "nega- 
tive "  propositions  of  the  most  special  character,  all.  moreover, 
otherwise  easily  obtained. 

Laplace's  great  English  contemporar}',  Young,  is  the  true  founder 
of  a  "  d3-namic  theory"  of  the  tides  (Eucyc.  Britta.,  Supplement  to 
6th  Ed.,  reprinted  in  the  7th  and  8th).  He  takes,  indeed,  wave 
motion  as  his  basis,  but  couples  it  inseparably^  with  the  resistances 
which  nature  has  inseparably  combined  with  all  motion  on  the 
earth's  surface  ;  and  which,  in  the  case  of  the  tides,  is  so  power- 
full}^  a  controlling  agent,  that  without  them  tidal  expressions,  if 
not  "  mere  sport  with  symbols,"  are  but  mechanical  theorems  of 
impossible  realization,  however  beautiful  as  such  and  however 
captivating  or  profitable,  in  a  mathematical  sense,  may  be  the  re- 
search. 
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On  a  New  Type  of  Steam  EsciiNE,  theoretically  capable 
OF  utilizing  the  fill  Mechanical  Eqlivalent  of  Heat- 
energy,  and  on  some  points  in  Theory  indicating  its 
practicability.     By  Robert  II.  Thurston,  of  Iloboken,  N.  J. 

Labstkact.'] 

I.  It  is  easy  to  show  that  the  existing  Common  Type  of  Steam 
Engine  necessarily  wastes  a  very  large  proportion  of  the  Heat- 
energy  supplied  to  it,  and  that  no  possible  improvement  short  of 
a  complete  change  of  type  can  greatly  increase  the  efliciency  of 
the  best  modern  engine.  No  engine  theoretically  capable  of  util- 
izing all  heat-energy  supplied  to  it  by  the  steam  has  3*et  been  con- 
structed and  the  possibilit}-  of  its  construction  has  been  denied, 
both  by  engineers  and  b}-  physicists. 

This  paper  was  intended  to  show  the  possibility  of  designing, 
and  the  probable  practicabilit}'  of  constructing,  a  steam  engine 
that  shall  waste  heat  only  by  conduction  and  radiation,  and  which 
shall  waste  energy  onl}-  by  friction.  The  new  type  is  only  adapted 
to  use  working  fluids  which  are  not  permanent  gases,  but  which 
behave  like  steam. 

II.  Sadi  Carnot  showed,  a  half  century-  ago,  the  proper  method 
of  test  of  a  perfect  heat  engine,  and  that  the  operation  of  the  en- 
gine must  be  traced  through  a  complete  cycle.  Such  a  C3'cle  is  a 
closed  curve  of  conditions.  The  heat-cycle  nsually  corresponds 
with  a  kinematic  cj'cle  of  the  engine.  In  each  cycle  a  certain 
amount  of  heat-energy  is  snpplied  to  the  machine,  and  a  certain 
other  amount  of  mechanical  work  is  done  by  the  machine  npon 
external  objects  and  on  its  own  moving  parts.  Call  these  quanti- 
ties A  and  A  .  Imagine  the  engine  reversed.  If  perfect,  every 
operation  is,  during  this  inverted  cycle,  given  a  negative  direction 
and  the  net  result  is  the  reconversion  of  the  heat  A'  from  the  me- 
chanical energy.  A,  expended  in  driving  the  engine  backward. 
Such  an  engine  must  be  perfect,  since,  if  not,  if  coupled  to  an 
engine  more  nearly  perfect  and  driven  backward  by  the  latter,  the 
former  would  restore  heat  to  the  source  from  which  the  latter  may 
receive  it.  The  amount  restored  is  the  full  mechanical  equivalent 
of  the  work  expended.      But  the  more  perfect  engine  demands 

»  For  the  complete  paper,  see  Journal  of  the  Franklin  Institute,  Oct.,  Nov.,  Dec. ,1877. 
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loss  licat  lliaii  tlio  less  pi'ifect  inacliinc.  IIiMice  tliero  must  be  an 
aci'iiimihitioii  of  lient  in  the  reservcjir — a  '■'■reductio  ad  absiirdnin." 

TIk"  |>iiii(i|)lf  of  the  "Coiiscivatioii  of  ICiicrgy"  asserts  that  no 
enci'iry  in  a  system  can  l)e  extinmiishcil.  llenco  in  any  heat-engine, 
energy  jiot  expended  in  proihiction  of  the  meclianical  work  or  of 
friction,  or  dispersed  by  conduction  or  radiation,  must  reappear  in 
its  original  form  of  heat  motion.  A  perfect  heat-engine,  as  here 
defined,  is  one  in  wiiicii  no  heat  is  lost  liy  conduction,  or  radiation, 
or  l)y  friction,  and  in  which  all  heat  not  discharged  unutilized,  at 
the  completion  of  the  cycle,  is  usefully  apiilied  b}'  conversion  into 
mechanical  energy. 

Carnot's  somewhat  fault}'  conception  was  perfected  by  Sir  Wil- 
liam Thomson,  in  1849,  and  it  now  enables  us  to  determine  the 
efliciency  of  a  perfect  engine  working  under  any  given  set  of  con- 
ditions as  to  temperature. 

III.  In  illustration,  a  diagram  such  as  James  "Watt  (1800)  ob- 
tained from  steam-engines,  and  such  as  Clapeyron  (1834)  used  to 
exiiibit  theoretical  conditions,  is  presented  to  show  the  changes  of 
the  volume  and  pressure  of  steam  during  a  cycle,  including  expan- 
sion, doing  work  adiabatically  and  isothermall}',  and  compression 
adiabatically  and  isothermall}'.  The  result  is  the  conversion  of  a 
certain  amount  of  heat  into  work,  and  the  restoration  of  the  fluid 
to  its  initial  condition  as  to  pressure,  volume  and  temperature. 

IV.  Carnot  showed  the  maximum  of  the  perfect  gas  engine  to  be 

where  r  and  r^  are  the  temperatures  of  admission  and  rejection  of 
heat  measured  from  the  zero  of  heat  motion.  Benjamin  Thompson, 
Count  Ivumford,  in  1798,  showed  the  true  nature  of  heat,  and  gave 
data  from  which  an  approximate  value  of  the  mechanical  equiva- 
lent can  be  calculated.  Joule,  1843-1849,  determined  this  quan- 
tity with  probable  great  accuracy.  Sir  William  Thomson,  1849, 
gave  the  absolute  scale  of  temperature  (0  z=  —  461.2  F.  =  — 
273.55  C.)  as  an  absolute  measure  of  quantities  of  heat.  The 
British  Thermal  Unit  is  equal  to  772  foot-pounds  of  energy;  the 
French  Calorie  is  equivalent  to  424  kilogrammetres  of  work. 

V.  When,  as  is  the  case  with  steam,  a  working  fluid  experiences 
a  change  of  physical  state  in  the  engine,  Carnot  and  Thomson's 
measure  of  ellicienc}' is  not  correct.  For  absolute  correctness  the 
specific  heat  must  remain  constant. 
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VI.  Heat-engines  are  divided  for   present  purposes  into  three 
classes  :  — 

1.  Tliose  •which  restore  to  the  reservoir  all  heat  rejected  from 
the  working  cylinder. 

2.  Those  which  restore  part  and  reject  the  remaining  lieat  from 
the  S3'stem. 

3.  Those  which  waste  all  heat  rejected  from  the  working  cylinder. 
No  existing  type  of  steam-engine  is  of  the  first  class.     Some 

air  and  gas  engines  are  theoretically  assignable  to  that  class,  as, 
by  means  of  regenerators,  they  store  up  and  save  heat  rejected 
from  the  working  cylinder.  Actuall}-,  however,  such  engines  being 
imperfect  structurally,  they  are  of  the  second  class.  Most  engines, 
including  the  steam-engine,  are  of  the  third  class. 

VII.  The  steam-engine  differs   radically  in  one,  and   hitherto 
rarely  noted,  point  from  all  air  and  gas  engines.     In  the  latter. 


where  the  temperatures  on  the  absolute  scale,  t,  t',  are  proportional 
to  the  quantities  of  heat  Q,  Q^,  at  the  beginning  and  the  end  of 
the  expansion.  This  is  approximately  true  of  dry  and  superheated 
steam.  It  is  not  at  all  true,  however,  of  a  mixture  of  vapor  and 
liquid  such  as  is  seen  in  a  working  steam-engine. 

This  distinction  is  rendered  more  marked  by  the  occurrence  of 
considerable  internal  condensation  at  the  beginning  of,  and  re- 
evaporation  during,  the  stroke  of  the  engine.  Even  if  this  does 
not  occur,  the  steam  being  worked  in  a  perfectly  non-conducting 
steam-cylinder,  condensation  of  steam  always  occurs  when  the 
saturated  vapor  expands  doing  work,  and  we   have,  instead   of 

Q  r      ' 

Hence  the  steam-engine  should  be  more  economical  than  the  air 
or  other  permanent  gas  engine  working  between  the  same  limit  of 
temperature.  Hence  also,  the  usually  accepted  method  of  esti- 
mating efficiency  is  not  correct  as  applied  to  the  steam-engine. 

VIII.    Neglecting  the  inaccuracy  here  pointed  out  and  assuming 


the   efficiency  of  a  marine  engine  of  the   most  successful   type, 
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woikinpt  steam  of  ninety  [)oini<ls  prossiirc  and  "20°  F.  (UjO''C..) 
temperature  down  to  a  condenser-pressure  of  two  pounds  :uid  a 
temperature  of  12G°  F.  (.33°  C),  should  l)e  ; 


320— IJO  ll»-.'>3 

781.2  434 


z=  0.2o  + 


and  it  should  do  772  X  O.2.")  z=  19.3  foot-pounds  of  work  for  each 
British  thermal  unit  of  heat  supplied  to  it.  This  would  be  about 
10.000  heat-units  per  hour  per  horse-power,  which  is  the  thermal 
content  of  ten  pounds  of  steam,  and  about  equivalent  to  the  con- 
sumption of  one  pound  of  coal.  Perfect  utilization  would  give 
the  horse-power  for  one-fourth  this  quantity,  —  for  2^  pounds  of 
steam,  or  {  pound  of  coal. 

But,  as  just  shown,  the  real  theoretical  efficiency  must  be  still 
higher  than  this. 

Good  engines  to-day  waste  nine-tenths  the  heat  developed  in 
the  boiler,  requiring,  usually,  twenty  pounds  of  steam,  or  two 
pounds  of  coal  per  hour  and  per  horse-power. 

IX.  The  sources  of  loss  in  the  engine  are : 

1.  Friction. 

2.  Conduction  and  radiation  of  heat. 

3.  The  rejection  of  unutilized  heat  in  the  exhaust  steam. 

The  first  two  can  be  reduced  to  an  unimportant  fraction  of  the 
whole  heat  supplied.  The  last  is  to  be  studied  in  order  to  deter- 
mine upon  some  method  of  considerably  increasing  the  efficienc)' 
of  the  engine. 

X.  Rejected  heat  consists  of  two  parts  : 

1.  That  which  constitutes  the  principal  part  of  the  heat  supplied 
an^l  which,  as  already'  shown,  is  necessarily  lost  in  the  common 
type  of  engine. 

2.  That  which,  by  the  operation  of  condensation  on  entrance 
and  subsequent  reevaporation,  is  transferred  to  the  exhaust  with- 
out doing  its  share  of  work. 

The  first  method  of  loss  has  been  explained  :  the  second  is  not 
well  understood,  frequentl}-,  even  by  professional  engineers.  When 
steam  enters  the  cylinder,  it  meets  a  comparatively  cool  metallic 
surface  and  a  portion  is  condensed,  the  metal,  meantime,  acquiring 
the  temperature  of  the  steam.  During  the  expansion,  the  conse- 
quent reduction  of  pressure  produces  a  reevaporation  of  this  water 
of  condensation,  aud  the  cylinder  surface  supplying  the  latent  heat 
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of  vaporization,  becojiics  again  cooled.  On  the  opening  of  the 
exbau.st-vulve,  a  still  further  loss  of  heat  oeeurs,  all  of  which  is 
carried  witii  the  exhaust-steam  into  the  condenser,  leaving  the  metal 
chilled,  and  it  only  becomes  heated  again  when  the  next  charge  oi 
steam  enters  the  cylinder  from  the  steam-chest. 

This  is  a  most  serious  cause  of  waste  of  heat.  It  sometimes  even 
exceeds  that  unavoidable  waste  Avhich  occurs  at  the  lower  limit  of 
temperature  at  which  heat  is  rejected.  This  action  places  a  limit 
to  the  economy  derived  by  expansion,  since  this  loss  increases  at 
a  certain  point  more  rapitfly  than  elilciency  is  gained  by  increased 
expansion.  Steam  of  sixty  or  seventy  pounds  pressure  cannot  or- 
dinarily be  expanded  more  than  five  or  six  times. 

Thus  the  lost  heat  of  the  common  form  of  engine  consists  of 
two  parts,  of  whicJ)  a  proportion,  -^  X  U,  o(  the  total  heat  sup- 
plied can  only  be  saved  by  some  radical  change  of  type.  The 
second  part  has  been  diminished  in  amount,  but  never  wholly 
checked,  by  known  expedients,  and  may  require  equally  radical 
treatment. 

Such  a  change  might,  possibly,  if  completely  effective,  reduce 
the  cost  of  power,  assuming  an  efficiency  of  one-half,  to  five  pounds 
of  steam,  or  one-half  pound  of  coal  per  hour  and  per  horse-power,^ 
the  working  pressure  remaining  as  at  present  in  our  best  engines. 

XI.  There  are  two  types  of  engine  of  Class  1,  in  which,  could 
we  build  them,  this  waste  could  be  avoided : 

Type  A.  The  working  fluid,  if  expanded  quite  down  to  the  ab- 
solute zero,  would  transform  all  heat-energy  into  work,  and  the 
efficienc}'  would  be  perfect. 

Type  B.  All  heat  rejected  from  the  cylinder  unutilizccl,  being 
gathered  up  and  restored  to  the  boiler,  there  to  serve  as  a  basis  on 
which  to  pile  a  now  stock  of  transformable  heat-energy,  no  heat 
would  be  lost,  and  the  efficiency  of  the  machine  would  be  perfect. 

Forms  of  engines  of  these  types  may  be  conceived  ;  but,  prac- 
tically, the  first  tyiJC  can  never  be  constructed,  since  the  volume 
and  weight  of  the  machine  would  be  inmiensely  great. 

The  same  objection,  in  a  less  degree,  would  hold  against  the 
second  type. 

'Good  engines  of  the  common  type  should  work  on  W^ — =:;  the  best  practice 

150 
gives  about  W=  — =.  wliere  JTis  the  weight  of  steam  and  P  the  steam  pressure. 
>   P 
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It  follows  tlmt  we  nvo  to  look  for  iinprovt'ineiit  in  the  latter 
direction,  returning  to  the  reservoir  all  heat  rejected  from  the  steam 
cyliniler  of  the  coinmon  enj^ine. 

XII.  Experiment  has  not  yet  fully  determined  the  distribution 
of  heat  throughout  the  scale  of  temperature  in  either  water  or 
steam,  or  the  method  of  change  of  physical  state  where  tempera- 
ture approaches  either  the  aljsolute  zero,  or  those  pressures  with 
which  Dr.  Andrews  and  other  physicists,  and  Perkins,  Alban  and 
others  among  engineers,  were  familiar.  It  cannot  be  said,  there- 
fore, what  would  be  the  behavior  of  the  fluid  in  an  engine  of  the 
first  type,  and  we  cannot  even  imagine  how  far  the  theory  of  heat- 
engines,  as  usually  accepted,  maj'  apply  when  the  range  of  tem- 
perature of  the  working  fluid  shall  have  been  greatly  extended.  It 
seems  probable,  however,  that  the  steam-engine  may  have  a  theo- 
retical elliciency  greater  than  has  been  previously  supposed. 

XIII.  An  engine  of  Class  A  can  onlj'  exist  when  expansion  is 
complete,  leaving  the  working  substance  at  the  absolute  zero  of 
temperature  and  deprived  of  all  heat-energy. 

But  Sir  William  Thomson  has  enunciated  the  principle  : 
"■  It  is  impossil)le,  b}''  means  of  inanimate  material  agency,  to 
derive  mechanical  effect  from  any  portion  of  matter,  by  cooling  it 
below  the  temperature  of  the  coldest  of  the  surrounding  objects."  ^ 
This  principle  is  not  correct,  as  stated,  except  as  it  implies  the 
existence  of  certain  conditions  which  are  practically  persistent, 
including  the  use  of  a  permanent  gas  as  the  working  fluid,  or  of  a 
substance  which  does  not  change  its  physical  state  in  such  a  manner, 
during  the  conversion  of  heat  into  mechanical  work,  as  to  invali- 
date the  asserted  law.  Heat-motion  is  not  limited  theoretically  in 
its  conversion  into  mechanical  energy,  apd  mai/  not  be  limited 
practically,  by'  the  temperature  of  the  earth's  surface. 

XIV.  To  show  that  heat  ma}-  be  converted  into  work  to  any 
extent,  regardless  of  the  temperature  of  surrounding  bodies,  we 
ma}'  trace  the  process  in  two  cases: 

1.  Where  the  working  fluid  is  a  permanent  gas. 

2.  Where  it  is  a  fluid  sul)jcct  to  change  of  physical  state,  as, 
for  example,  steam. 

In  the  first  case,  the  fluid  expands,  doing  work,  until  all  heat- 
energy  is  converted  into  mechanical  work  and  the  substance  is 
finally  left  diffused  through  a  vast  space,  its  molecules  absolutely 

3  On  the  Dynamiciil  Theory  of  heat,  otc,  R.  S.  E.,  1851. 
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at  rest  and  without  viljiatory  motion.'*  Had  no  work  been  done, 
this  space  would  be  of  nilinite  extent,  but  tlie  conversion  of  lieat- 
energy  into  mechanical  energy  tends  to  restrict  this  dispersion. 

The  removal  of  a  particle  from  one  point  in  space  to  anotlier 
requires  no  expenditure  of  energy,  that  absorbed  in  giving  it  its 
maximum  velocity  in  transit  being  restored  by  it  while  again 
coming  to  rest.  Thus  it  may  be  possible  to  gather  up  all  the  scat- 
tered particles  and,  collecting  them  about  this  common  centre  of 
gravit}',  where  they  will  occupy  the  volume  of  the  gas  in  the  solid 
state  and  at  absolute  zero  in  temperature,  this  mass  ma}'  now 
be  transferred  to  the  reservoir  b}'  the  expenditure  of  an  indefi- 
nitely small  amount  of  encrg}'.  Kepeating  this  process  indefi- 
nitely, the  engine  is  perfect  in  ever}-  sense,  and  has  an  efficiency 
of  unity. 

It  is  evident  that  the  engine  is  unaffected  by  the  temperature  of 
bodies  surrounding  it.  Were  the  upper  limit  of  temperature  that 
of  the  earth's  surface,  and  the  working  substance  air,  the  reservoir 
being  the  atmosphere,  the  indefinite  continuance  of  this  operation 
would  result  in  the  conversion  of  all  heat-energy  into  mechanical 
energy,  and  the  cooling  of  the  earth  down  to  the  absolnte  zero  of 
temperature.  Applying  this  energy  to  the  acceleration  of  the 
earth's  motion  in  its  orbit,  it  would  result  in  an  increase  of  about 
one  mile  per  second,  the  mean  temperature  being  assumed  at  1500° 
C,  and  the  specific  heat  at  0.2. 

XV.  Repeating  the  operation,  using  a  working  fluid  which,  like 
steam,  changes  its  physical  state,  condensing  into  liquid,  while 
doing  work  by  its  expansion,  an  accumulation  of  liquid  occurs 
in  the  steam  cylinder  during  the  expansion,  which,  if  the  operation 
is  continued  to  the  limit  as  before,  becomes,  finally,  a  solid  mass 
of  ice  at  absolute  zero.  The  remaining,  and  a  very  minute,  pro- 
portion of  the  charge  is  also  at  the  absolute  zero  of  temperature, 
but  with  its  particles  widely  separated  as  in  the  preceding  case. 

The  great  mass  of  the  working  substance  which  has  become 
solid,  and  the  minute  portion  of  diffused  matter  are  now  to  be  re- 
stored to  the  reservoir,  completing  the  cycle. 

In  producing  the  solid  mass  which  contains  nearly  all  the  work- 

•Thismaybe  too  iinqualifled  a  statement.  An  indefinite  amount  of  energy  of  ro- 
tation may,  perhaps,  be  retaineil  after  all  energy  of  motion  of  translation  has  been 
removed  by  expansion.  It  is  not  certain,  therefore,  that  aU  heat-energy  may  be  re- 
moved by  expansion. 
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ing  siihstancc,  nature  liiis  here  done  what,  in  the  first  example, 
nnjst  have  been  done  artifieiall}'.  This  engine,  also,  is  evidently 
perfect  and  has  an  efTieiency  of  unity. 

XVI.  Many  and  serious  practical  dilllculties  will  impede  at- 
tempts to  realize,  even  api)roximatel3',  the  conditions  here  de- 
scribed, but  we  may  ai)i)roximate  more  and  more  closeh',  without 
limit,  as  we  advance  in  scientific  knowledge  and  constructive  skill. 

XVII.  Thomson  appends  to  his  proposition  (which  has  been 
called  an  axiom)  the  following  note  : 

"But  if  this  be  denied  for  all  temperatures,  it  would  have  to  be 
admitted  that  a  self-acting  machine  might  be  set  to  work  and  pro- 
duce mechanical  eflfect  by  cooling  the  sea  or  earth,  with  no  limit 
but  the  total  loss  of  heat  from  the  earth  and  sea,  or,  in  reality, 
from  the  whole  material  world." 

Yet  we  have  seen  that  such  an  engine  miglit,  by  some  intelli- 
gence, mighty,  but  not  necessarilj'  infinite,  be  set  at  work  to  pro- 
duce mechanical  effect  by  cooling  sea,  earth  and  air. 

The  machine  ma}'  go  on  and  abstract  all  the  heat  from  the 
universe.  Thomson's  qualification  of  his  "axiom"  does  not, 
evidently-,  confirm  the  principle  which  he  has  enunciated.  Our 
self-acting  machine  m?gr/ii  cool  down  "the  whole  material  world," 

XVIII.  The  practical  difficulties  which  stand  in  the  waj'  of 
the  enginee  who  attempts  to  effect  the  realization  of  these  ideal 
perfect  engines  may  be  anticipated,  and,  to  a  certain  extent,  it 
may  be  determined  how  we  may  best  proceed  to  attack  them. 

Type  A  is  seen,  at  once,  to  be  utterl}'  impracticable.  With  a 
permanent  gas  as  the  working  fluid,  space  could  not  be  found  for 
the  expansion  of  the  gas  nearl}'  to  the  absolute  zero  ;  the  resist- 
ances due  to  friction  would  be  greater  than  the  mean  pressure  ex- 
erted on  the  piston  ;  and  we  know,  as  yet,  no  means  of  collecting 
the  scattered  particles  without  producing  collisions  among  them, 
which  would  generate  heat  and  compel  the  ex[)enditure  of  energy 
in  the  restoration  of  the  condensed  gas  to  the  reservoir.  In  all 
known  methods  of  compression,  the  heat  developed  is  equal  to 
that  transformed  in  the  expansion.  The  practical  limit  here  is 
that  assigned  b}'  Thomson  to  the  ideal  engine. 

The  use  of  condensable  fluids  is  attended  by  similar  difficulties. 
Such  fluids,  however,  demanding  less  space  into  which  to  expand, 
offer,  to  that  extent,  an  advantage. 
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Assuming  the  possibility  of  making  a  steam-engine  of  Type  A, 
woiking  steam  of  seventy-five  pounds  pressure  by  gauge,  from  a 
temperature  of  320°  F.  (1H0°  C),  the  work  done  during  cxi)ansion 
per  pound  of  steam  would  be  010,057  foot-pounds;  the  work  of 
restoration  of  the  ice  made  woidd  be  38^^  pounds  ;  and  the  efficiency 
would  be  (1)10.557  —  38.5)  H-  010,557  =  0.9909  =  E. 

Complete  utilization  of  heat  is  impracticable  in  any  conceivable 
foim  of  engine  of  Type  A.^ 

XIX.  Type  B,  in  which  all  unutilized  heat  is  restored  to  the 
reservoir,  comprehends  two  quite  dilTerent  forms  of  engine  : 

1.  Heat-engines  in  which  the  rejected  heat  is  transferred  from 
the  mass  of  working  substance  discharged  from  the  working  cylin- 
der to  a  mass  of  metal,  or  other  heat-absorbing  substance,  and 
from  the  latter  to  another,  and  new,  charge  of  the  working  fluid 
which  is  about  entering  the  reservoir  to  take  up  a  new  stock  of 
heat-energy. 

2.  Heat-engines  in  which,  as  in  the  ideal  engines  described,  the 
rejected  working  fluid  itself,  with  its  contained  unutilized  heat,  is 
all  returned  to  the  reservoir. 

XX.  Engines  of  the  first  of  these  two  classes  have  been  fre- 
quently designed  and  constructed.  That  part  which  receives  and 
restores  the  heat  by  transfer,  has  been  know^n  as  a  ''Regenerator." 
It  never  acts  with  thorough  efficiency,  and  the  loss  of  energy  is  al- 
ways considerable.  Nevertheless,  air-engines  fitted  with  regener- 
ators have  proved  comparatively  economical.  Ericsson's  engines, 
in  the  steamer  of  that  name,  were  reported  by  Prof.  Norton  to 
have  developed  their  full  power  (350  I.  H.  P.)  with  an  expenditure 
of  1.87  pounds  of  coal  per  hour  per  horse  power. 

The  regenerator  is,  however,  entirely  inapplicable  to  engines  in 
which  steam  and  other  saturated  vapors  are  employed. 

It  is,  however,  possible,  in  such  engines,  to  save  a  portion  of 
heat  by  transfer,  using,  as  the  absorber  of  that  heat,  a  liquid  having 
a  boiling  point  lower  than  that  of  the  liquid  formed  by  the  con- 
densation of  the  working  fluid  of  the  first  engine,  the  vapor  of 
which  absorbent-liquid  is  used  as  a  working  substance  for  a  second 

*  The  two  kinds  of  fluid  are  here  seen  to  exhibit  the  two  characteristic  products 
of  tlie  two  nietliods  of  abstraction  of  heat  from  gases:  1.  Forcibly  compress  tho 
fluid,  removing  the  heat  produced,  as  fast  as  it  is  generated;  the  product  is  a  solid 
of  maximum  densily.  and  at  the  absolute  zero.  2.  Abstract  the  heat  by  expansion 
against  a  resistance;  the  prorluct  is  a  difl"used  mass,  without  tension,  of  miuimum 
density  and  without  he;it-motioa. 
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heat-engine.  Siicli  a  cumljination  lias  been  made,  and  is  known 
among  engineers  as  the  "Binary  Vapor  Engine ;"  its  working 
fluids  have  heen  slcain,  and  either  the  vapor  of  etlier,  or  cidoro- 
forni,  or  of  ltisul[)hide  of  carl)on.  Conhl  th<;  ri'(iiiired  fluids  he 
found,  such  a  scries  coukl  be  continued  indeflnitel^y,  or  until  the 
mean  pressure  of  tlie  expanding  vapor  should  become  less  than 
frictional  resistances. 

XXI.  It  would  be  better  to  conduct  this  operation  of  re-working 
rejected  heat  by  passing  it  through  the  first  cylinder  again,  than 
by  the  use  of  Binary*  Vapor  Engines. 

The  Regenerator  system  is  here  inapplicable  (using  vnpors), 
and  it  is  evidently  a  more  promising  plan  to  endeavor  to  return 
the  gas  and  the  liquid  resulting  from  condensation  to  the  reservcjir 
with  their  full  charge  of  rejected  heat,  a  process,  the  success  of 
which,  is  favored  by  the  very  conditions  which  preclude  the  use  of 
the  regenerator.     We  are  thus  led  to  the  use  of  Type  B. 

Suppose  this  action  carried  out.  Imagine  the  rejected  steam  and 
water  returned  separately  to  the  reservoir  1)}'  compressing  pumps. 
The  return  of  the  water  would  require  the  expenditure  of  an  amount 
of  work  measured  by  the  product  of  its  volume  into  the  pressure 
in  the  reservoir.  Returning  the  uncondensed  steam,  rejected  from 
the  working  cylinder,  would  involve  not  onh'  the  return  of  the 
heat  in  that  steam,  but  also  of  an  additional  amount  of  energy 
equivalent  to  that  which  the  vapor  so  returned  had  yielded  during 
expansion. 

Thus  all  heat  rejected  unutilized  would  be  returned  to  the  boiler, 
there  to  form  "a  basis  on  which  to  pile  up  a  new  stock  of  utiliza- 
ble  energy,"  and  perfect  theoretical  efficienc}'  is  secured  for  all 
ranges  of  temperature  and  for  all  such  working  fluids. 

The  work  of  restoration  of  the  liquid  is  so  small  that  it  may  be 
neglected.  That  done  in  a  steam-engine  of  the  common  type 
having  an  eflJiciency  of  0.25,  in  compressing  the  vapor,  after  alter- 
ation into  the  new  t3'pe,  would  be  nearly  in  the  ratio  (1  — 0.25)  : 
1  =  0.75,  as  compared  with  the  work  of  expansion.  The  more 
the  steam  is  expanded,  the  greater  the  proportion  condensed,  and 
the  less  the  amount  left  to  be  returned,  as  steam,  to  the  boiler. 

It  is  also  seen  that,  to  obtain  greatest  success  in  the  effort  to 
secure  high  eflflciency  and  small  volume,  high  steam  must  be  used 
with  great  expansion  ;  and  to  reduce  internal  condensation  and 
rcevai)oration,  a  high  velocity  of  piston  and  speed  of  rotation. 
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XXI r.  The  term  "EfKciency"  is  rarely  accuratel}'  defined  or 
well  understood.  By  efficiency  of  the  fluid  should  be  understood 
the  ratio  of  the  quantity  of  work  done  by  the  working  substance 
to  the  mechanical  equivalent  of  its  thermal  contents  at  the  instant 
of  entering  the  cylinder  of  the  engine,  which  ratio  is  measured 
by  the  quantity  ^~q-  -=^  E. 

The  efficiency  of  the  engine  is  the  ratio  of  the  work  done  by  the 
engine  in  a  given  period  to  the  mechanical  equivalent  of  the  heat 
supplied  to  the  engine.  The  efficiency  of  the  boiler  is  the  ratio  of 
heat  delivered  b}'  it  in  dr}'  steam  to  the  amount  of  heat  developed 
in  its  furnace  by  the  combustion  of  fuel. 

The  efficiency  of  the  engine  is  also  often  taken  as  the  efficiency 
of  the  whole  combination  of  engine  and  its  fluid  with  the  boiler 
and  its  furnace.  These  quantities  are  often  confounded.  It  is 
often  incorrectly  assumed  that  the  efficiency  of  the  steam-engine 
is  limited  precisely  by  that  of  its  working  fluid  as  measured  by 
Thompson  and  Carnot,  an  assumption  seen  to  be  false  when  it  is 
remembered  that  the  estimate  takes  no  cognizance  of  the  tempera- 
ture of  the  fluid  when  supplied  to  the  boiler,  or  of  the  final  disposi- 
tion of  rejected  heat. 

Assume  that  two  engines  are  using  steam  of  ninety  pounds, 
absolute  pressure,  working  down  to  a  condenser-pressure  of  two 
pounds,  i.  e.,  working  between  temperature-limits  of  320°  F., 
or  180°  C,  and  126°. 27  F.  or  52°.37  C,  one  engine  being  of  the 
ordinary  t^^pe  and  the  other  of  the  new  type.  Let  the  steam  ex- 
pand in  both  from  the  upper  to  the  lower  limit. 

In  determining  the  value  of  E  =:  —^  for  the  common  engine, 
Q  being  the  amount  of  heat  supplied  to  each  pound  of  steam  by 
the  fuel  in  the  boiler,  and  Q^  as  the  quantity  rejected  from  the 
cylinder  and  discharged  from  the  engine,  and  assuming  no  loss  b}' 
conduction,  radiation  or  friction,  we  first  get:  quantity  of  heat 
supplied  to  the  steam,  1,211.5  — 110=  1,  101.5  units  per  pound; 
quantity  of  heat  rejected  from  the  engine  in  steam,  1,152.5 —  110 
=:  1,042.5  units  per  pound;  quantity  in  water,  126.27  —  110  = 
16.27  units. 

The  total  w^eights  are  readily  calculated. 

Taking  Rankine's  expression  for  the  expansion  of  steam,  PV^ 
=  C,  and  introducing  the  value  of  x  determined,  according  to 
McCulloch,  by  Zeuner, —  four  thirds, —  we  find,  where,  as  with 
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steam  of  niiioly  pomuls  prcssiirt',  the  original  volume  is  F^  4.72 
cubic  IVot,  we  gel  the  viilue  of  C=  102.61 1,  using  P=  90  X  144. 

From  our  e(jii:ilioii,  we  then  get,  for  Pz=2  X  144,  V=:  70. 53. 

But  the  vohime  of  one  pound  of  steam  at  this  pressure  is  172.4 
cuV)ie  feet.  Tlu-n  it  follows  that  of  steam  rejected  uncondensed, 
per  pound,  we  have  7G.534  —  172.4  =  0.444  lb.  Of  water,  there 
is  rejected,  per  pound,  O.ooG  lb.  This  carries  with  it  1042.5  X 
0.444  =  402.85  units,  and  the  water  1G.27  X  0.55G  =  9.05  units, 
making  a  total  of  471.9  units  of  heat  lost.  The  eflicienc}'  of  the 
ordinary  type  of  engine,  working  undet*  such  conditions,  therefore, 
has  a  theoretical  maximum  of  0.57,  or  nearl}-  sixty  per  cent,  in- 
stead of  twenty-five. 

This  corresponds  to  a  consumption  of  1,980,000  -i-  (1,101.5  X 
772)  -^  0.57,  =:  four  pounds  of  steam  per  hour  and  per  horse- 
power, and  to  about  |  pound  of  coal. 

In  actual  engines  five  times  as  much  is  used. 

The  difierence  between  the  actual  and  the  ideal  efficiency  of 
steam-engines  has  usually  been  supposed  much  less,  and  the  range 
for  further  improvement  much  less  than  is  now  inferable.  It  has 
been  thought  that  the  best  steam-engines  were  within  fifteen  per 
cent,  of  the  limit  of  perfect  efficiency,  while  it  is  here  seen  to  lack 
more  nearly  forty  per  cent. 

The  direction  of  improvement  is  plainly  to  be  in  that  of  the  re- 
duction of  the  losses  due  to  internal  condensation  and  reevapora- 
tion,  by,  if  possible,  the  use  of  a  non-conducting  lining  as  prac- 
tised by  Smeaton  and  Watt, —  who  used  wood  a  century  ago,  but 
unsuccessfully  in  consequence  of  its  perishability, —  and  by  in- 
creasing piston-speed  and  velocity  of  rotation.  With  low  speed 
of  piston,  superheating  can  be  resorted  to. 

Increasing  steam  pressures  and  expansion  is  productive  of  but 
very  slight  proportional  gain  in  efficiency.  Steam  at  250  pounds 
pressuie  atfords  but  about  five  per  cent,  increase  of  efficiency  over 
that  derived  by  the  use  of  steam  at  sevent\'-five  pounds. 

XXIII.  The  question  whether  an  engine  of  Type  B  can  be 
made  practically  successful  is  only  determinable  by  careful  and 
intelligent  experimental  investigation. 

Safety  may  be  alwa^-s  secured,  in  its  use,  by  intelligent  design, 
good  material  and  workmanship,  and  skilful  management.  Dan- 
ger need  not  necessarily  be  expected  from  high  pressures,  since 
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Perkins  and  Albans  succossfnll\'  controlled  and  worked  steam  at 
Ijre.ssiiros  of  1000  and  2000  pounds,  forty  years  ago. 

Ertic-ienc}'  will  be  determined  lary;ely  by  the  size  of  the  engine. 
Replacing  an  engine  of  the  old  type,  working  with  F.  =  0.20,  by 
one  of  the  new  form,  it  will  be  necessary  to  make  the  latter  of  five 
times  the  piston  displacement  of  the  old  engine,  or  to  drive  the 
new  engine  at  five  times  the  speed  of  the  older  engine.  Making 
all  allowances,  the  probable  consumption  of  heat  in  the  new  engine, 
if  replacing  a  modern  marine  steani-ongine,  ma}'  be  taken  as  not 
far  from  8000  British  tliermal  units  per  hour  per  horse  power,  or 
from  f  to  I  pound  of  good  coal,  —  about  -}  or  ^  that  required  for 
the  best  existing  type  of  marine  engine  in  extended  use. 

The  new  engine  should  demand  but  2.")0  tons  of  coal  for  a  vo3'age 
across  the  Atlantic  where  1000  tons  are  now  used,  and  would  oc- 
cupy little,  if  any,  more  space  in  the  ship.  It  would  weigh  more, 
but  this  would  be  more  than  compensated  by  the  great  decrease  in 
number  of  boilers  needed,  and  of  coal-bunker  compacit}'. 

XXIV.  Several  forms  of  engine  have  been  devised,  since  1858 
-9,  b\'  the  author  of  this  paper,  all  of  which  are  of  Type  B,  and 
any  expert  mechanical  engineer  ma}'  devise  methods  of  conversion 
of  the  common  engine  into  this  type. 

No  one  can  say  when  the  actual  introduction  of  such  an  engine 
may  be  expected.  The  time  will  be  sliortened  by  every  change 
facilitating  the  use  of  higher  steam-pressures,  greater  piston-speeds, 
care  and  skill  in  design,  the  use  of  better  materials,  greater  per- 
fection of  workmanship,  and  intelligence  in  management. 

We  are  continually  learning  that  steam  is  a  better  medium  for 
the  conversion  of  heat  into  mechanical  i)o\ver  than  we  had  previ- 
ously supposed.  "We  have  above  seen  that  it  is  capable  of  far  more 
perfect  utilization  than  we  had  been  taught  by  accepted  authorities 
to  consider  possible.  It  is  possible  that  even  these  corrected  es- 
tiniates  of  efficiency  give  an  inadequate  idea  of  the  true  efficiency 
of  the  fluid  in  the  perfect  steam-engine.  We  know  comparatively 
little  of  the  piiysical  properties  of  steam  at  the  temperatures 
and  pressures  known  to  be  attainable,  and  it  may  prove  to  be  a 
vastly  more  efficient  working  substance  for  the  heat-engine  at  such 
temperatures  and  pressures  than  we  are  led  to  consider  it  from  our 
knowledge  of  its  properties  under  the  now  usual  conditions  of  its 
use. 

The  author,  writing  at  a  date  subsequent  to  that  (April,  1877) 
A.  A.  A.  s.,  vol..  xxvr.  7 
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of  llio  paper,  uiUls  that  Mr.  J.  C.  Iloatllcy  has  forwarded  the  re- 
sults of  experiments  made  upon  a  very  "quick-running"  engine 
to  determine  the  value  of  the  exponent  x  in  Rankine's  formula 
P  r^  —  C,  and  lound  a;  =  f ,  or  a;  =i  1.247  wiiich  is  taken  as  evi- 
dence of  the  greater  accuracy  of  Zeuner's  theoretical  determina- 
tion (.r  =  1.33)  as  given  by  McCulloch,  and  as  indicating  the 
possibility'  of  the  practical  realization  of  this  new  type  of  engine. 
"Were  Rankine's  determination  correct,  it  is  considered  that  such 
realization  would  be  probably  impossible. 


Abstract  of  Statement  of  the  Extent  and  Character  of  the 
"VVoRK  OF  the  United  States  Board  App<jinted  to  Test  Iron, 
Steel,  and  other  Metals.  By  Robert  II.  Thurston,  of 
Hoboken,  N.  J. 

This  Board  was  appointed  by  the  President  of  the  United  States, 
in  accordance  with  the  provisions  of  Section  4,  of  "Act  making 
Appropriations  for  Sundry  Civil  Expenses  of  the  Government,  for 
the  fiscal  year  ending  June  30,  1876,  and  for  other  purposes." 
approved  March  3,  1875. 

It  is  instructed  to  determine  by  actual  tests  the  strength  and 
value  of  all  kinds  of  iron,  steel  and  other  metals  whicli  may  be 
submitted  to  it,  or  by  it  procured,  and  to  prepare  tables  which  will 
exhibit  the  strength  and  value  of  such  materials  for  constructive 
purposes. 

The  Board  consists  of  the  following  named  members  :  — 

President —  \A.  Col.  T.  T.  S.  Laidley,U.  S.  A. ;  Commander  L. 
A.  Beardslee,  U.  S.  N.  ;  Lt.  Col.  Q.  A.  Gillmore,  U.  S.  A. ;  Chief 
Engineer,  David  Smith,  U.  S.  N.  ;  AV.  Sooy  Smith,  C.  E.  ;  A.  L. 
HoUey,  C.  E.  ;  R.  II.  Thurston,  A.  M.,  C.  E.,  Secretary. 

The  Board  organized  under  the  General  Order  issued  by  the 
President  immediatelv  after  the  passage  of  the  law  creating  it, 
meeting  at  Watertown,  Mass.,  in  April,  1875.  The  Board  at  once 
proceeded  to  plan  an  exceeding!}'  comi)rehensive  scheme  of  work, 
intrusting  each  investigation  to  a  Committee  —  usually  consisting 
of  three  members —  and  distributed  the  greater  part  of  the  amount 
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allou'cd  b}'  Congress  "for  the  exjionsos  of  the  Board"  anionp:  these 
Coininittees,  for  use  in  dofra}  iug  the  cost  of  making  researches. 
These  Coininittees  were  : — 

(A)  Ox  AnuASiox  and  Wkau.     Instructions: — To  examine  and  report 

upon  the  abrasion  and  wear  of  railway  wiiecls,  axles,  rails  and 
ollur  materials,  under  the  conilitions  of  actual  use. 

(B)  On  Au.MOK  I'latk.     Instructions:  — To  make  tests  of  Armor  Plate, 

and  to  collect  data  derived  from  experiments  already  made  to  de- 
termine the  characteristics  of  metal  suitable  for  such  use. 

(C)  On  Ciikmicai.  Hkskauch.     Listructions : —  To  plan  and  conduct  in- 

vestigations of  the  mutual  relations  of  the  clieinicul  and  mechan- 
ical properties  of  metals. 

(D)  Ox   Chains  and    Wikk  Iioi'ks.     Instructions: — To  determine  the 

character  of  iron  best  adapted  for  chain  cables,  the  best  form  and 
proportions  of  link,  and  the  qualities  of  metal  used  in  the  manu- 
facture of  iron  and  steel  wire  rope. 

(E)  Ox  CoKHOsiox  OF  MivrAi.s.     Instrtictions :    To  investigate  the  sub- 

ject of  the  corrosion  of  metals  under  the  conditions  of  actual  use. 

(F)  Ox  THK  Effkcts  of  Tkmpkraturk.     Instructions:  —  To  investigate 

the  effects  of  variations  of  temperature  upon  the  strength  and 
other  qualities  of  iron,  steel  and  other  metals. 

(G)  Ox  GiiiDKits  AXD  Columns.     Instructions:  —  To   arrange   and  con- 

duct experiments  to  determine  the  laws  of  resistance  of  beams, 
gilders  and  columns  to  change  of  form  and  to  fracture. 

(H)  Ox  Ikox,  Mallkabm;.  Instructions:  —  To  examine  and  report  upon 
the  mechanical  and  physical  proportions  of  wrought  iron. 

(I)  Ox  luox.  Cast.  Instructions :  —  To  consider  and  report  upon  the 
mechanical  and  physical  properties  of  cast  iron. 

(J)  Ox  MivrAi.MC  Alloys.  Instructions:  —  To  assume  charge  of  a  series 
of  experiments  on  the  characteristics  of  alloys,  and  an  investiga- 
tion of  the  laws  of  combination. 

(K)  Ox  OuTiioGoxAL  Simultaneous  Strains.  Instructions: — To  plan 
and  conduct  a  series  of  experiments  on  simultaneous  orthogonal 
strains,  with  a  view  to  the  determination  of  laws. 

(L)  Ox  Physical  Phexomena.  Instructions:  —  To  make  a  special  inves- 
tigation of  the  physical  phenomena  accompanying  the  distortion 
and  rupture  of  materials. 

(M)  On  Re-heating  and  Re-rolling.  Instructions: —  To  observe  and 
to  experiment  upon  the  effects  of  re-heating,  re-rolling,  or  other- 
wise re-working;  of  hainineriug,  as  compared  with  rolling,  and 
of  annealing  the  metals. 

(N)  On  Steels  Produced  by  Modern  Processes.  Instructions :  —To 
investigate  the  constitution  and  characteristics  of  steels  made  by 
the  Bessemer,  open  hearth,  and  other  modern  methods. 

(O)  On  Steels  for  Tools.  Instructions:  —  To  determine  the  constitu- 
tion and  characteristics,  and  the  special  adaptations  of  steels 
used  for  tools. 
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The  ubove  named  Committees  of  the  Board  were  appointed  to 
conduct  the  several  investigations,  and  the  Sj)ecial  researches  as- 
signed them,  in  the  interval  ihiring  which  tlie  regular  work  of  the 
Board  was  delayed  by  the  preparation  of  the  necessary'  testing 
machinery,  and  during  such  periods  of  leisure  as  might  afterward 
occur. 

These  investigations  were  expected  to  be  made  with  critical  and 
scientific  accuracy,  and  were,  therefore,  to  consist  of  the  minute 
analysis  of  a  somewhat  limited  number  of  specimens  and  the  pre- 
cise determination  of  mechanical  and  physical  properties,  with  a 
view  to  the  detection  and  enunciation  of  the  laws  connecting  them 
with  the  phenomena  of  resistance  to  flexure,  distortion  and  rupture. 

The  Board  proposed  to  enter  upon  a  more  general  investigation, 
testing  such  specimens  as  might  be  forwarded  to  the  President  of 
the  Board,  or  such  as  it  might  be  determined  to  purchase  in  open 
market,  immediatel\'  upon  the  completion  of  the  apparatus  ordered, 
at  which  time  circulars  were  to  be  published  giving  detailed  in- 
structions relative  to  the  preparation  of  specimens  for  test,  and 
stating  minutely  the  information  demanded  previous  to  their  ac- 
ceptance. 

At  a  sncceeding  meeting,  the  Board  considered  applications 
from  manufacturers  requesting  that  w^ork  should  be  done  for  indi- 
vidual benefit,  and  passed  the  following  as  indicating  their  views 
and  intentions  in  this  matter. 

Whereas,  This  Board  propose,  as  soon  as  practicable,  to  give  metal- 
makers  the  benefit  of  its  testing  machines,  and  of  a  skilled  experimenter, 
at  a  reasonable  charge,  as  a  means  by  which  they  may  give  publicity  to 
the  behavior  of  their  metals  under  test ;  it  is 

liesolved,  That  this  Board  decline  to  publish  the  names  of  metal  makers 
in  connection  with  the  experiments  certified  to  by  the  Board. 

liesolved,  That  this  resolution  is  not  to  be  construed  as  a  refusal  to 
acknowledge  contributions  of  metals  and  other  aid  from  makers ;  on  the 
contrary,  such  services  will  be  always  gratefully  and  publicly  acknowl- 
edged. 

Xo  work  of  this  character  has  j^et  Been  done  as  the  testing 
machine  will  not  be  erected  and  used  until  an  appropriation  for  its 
use  is  made  b}-  Congress. 

Immediately  upon  the  completion  of  the  organization  and  the 
assignment  of  researches  to  the  Committees,  these  committees  de- 
termined upon  the  details  of  their  different  schemes  of  work,  and 


UY    KOBEKT    11.    TIILKSTON.  101 

the  President  of  the  Board,  under  his  instructions,  made  a  con- 
tract for  a  testin*;;  machine  of  a  capacity  of  400  tons  in  tension 
and  compression,  and  sudicionth'  large  to  take  in  columns,  or  rods, 
30  feet  long.  Of  the  87.3,000  ap[)rupriated  In'  Congress,  over 
$50,000  was  expended  on  this  testing  machine,  its  foinulations, 
the  building  in  which  it  was  enclosed,  a  steam  engine  and  boiler 
to  furnish  the  power,  and  the  cranes  and  other  attachments  to  the 
machine. 

The  remainder  was  distributed  to  the  Committees,  and  was  ex- 
pended by  them  and  in  defraying  the  travelling  expenses  of  the 
Board. 

The  Committees  sent  out  circulars  asking  assistance  and  coop- 
eration from  manufacturers,  and  from  men  of  science,  of  the  char- 
acter of  which  the  following  will  give  a  good  idea,  as  well  as  of 
the  nature  of  the  information  sought  by  the  Board. 

The  Committee  on  Abrasion  and  Wear  desired  to  receive  from 
any  reliable  source  such  precise  data  and  such  information  as 
might  enable  the  Secretary  to  compile,  in  as  concise  and  exact 
form  as  possible,  a  statement  of  the  mode  of  deformation,  the 
rapidity  of  abrasion,  and  the  laws  governing  wear  in  any  import- 
ant typical  or  exceptional  cases. 

The  executive  ofliceis  of  all  lines  of  railwa}-,  might,  it  was  sug- 
gested, render  vahuible  aid  l)v  furnishing  statements  of  the  wear  of 
rails  per  ton  of  transportation,  si)ecifying  with  care  the  original 
weight,  the  make,  and  the  character  of  the  rail,  the  total  amount 
of  transportation,  the  length  of  time  occupied,  and  stating  whether 
the  rail  finally  broke  or  was  removed.  Specimens  of  rails  remark- 
able either  for  endurance  or  for  a  lack  of  this  quality,  if  sent  to 
the  Committee,  would  be  useful  b\'  assisting  in  the  determina- 
tion of  the  chemical  and  other  proi)erties  which  most  affect  the 
value  of  the  material  under  the  stated  conditions  of  use.  Similar 
statistics  and  information  in  regard  to  the  wear  of  wheels,  axles  and 
other  parts  of  rolling  stock  and  machinery,  were  said  to  be  equally 
valuable.  Engineers  having  in  any  instance  noted  and  accurately 
recorded  such  data,  were  requested  to  transmit  to  the  Committee 
copies  of  their  memoranda. 

Tiie  wear  of  journals  under  heav}-  loads,  or  at  high  velocities, 
as  well  as  under  ordinary  conditions,  is  an  important  branch  of 
the  subject.  When  possible  it  was  desired  that  the  dimensions  of 
the  journal,  the  maximum,  the  minimum  and  the  mean  weight  sus- 
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taiiic'd,  and  the  velocity  of  ruld/ing  or  miinl)er  of  revolutions  per 
miniilo  should  be  given.  Tlie  niilure  of  the  lubricant  is  an  essen- 
tial element;  and  its  conii)osition,  the  method  and  frequency  of 
application  and  the  quantity  used,  and  the  coefTicient  of  friction 
were  asked,  as  also  whether  heating  occurs,  and  the  circumstances 
of  pressure  and  velocity  of  rubljiiijr  surfaces.  Peculiar  instances 
of  the  behavior,  or  unusual  expedients  in  the  management,  of  bear- 
ings, if  described  accurately  and  concisel}',  were  requested. 

The  wear  of  tools,  under  the  various  conditions  of  workshop 
l)ractice,  was  another  subject  of  investigation.  Weighing  the  tools 
carefully  before  and  after  use,  and  woigiiing  the  amount  of  metal 
removed  were  considered  the  most  accurate  method  of  determining 
the  rate  of  abrasion.  The  area  of  surface  finished,  anil  the  area 
of  the  surface  cut  by  the  tool,  rate  of  fund,  etc.,  were  to  be  accu- 
rately ascertained  and  stated.  The  description  of  the  tool,  its 
shape,  method  of  operation,  the  kind  of  metal  used  in  the  tool, 
the  temper  adopted,  the  character  of  the  metal  cut  by  it,  the  veloc- 
ity of  the  tool,  and,  where  peculiarities  of  behavior  were  noted,  a 
careful  statement  of  them,  as  desired. 

The  power  required  to  drive  the  tool  can  sometimes  be  readily 
determined,  and  such  information  was  asked  as  being  of  great 
value. 

The  recent  investigations  of  M.  Tresca — Memoire  sur  le  liaba- 
tage  des  Metaux^  etc. —  was  referred  to  as  an  excellent  example  of 
such  research. 

The  Committee  on  Chemical  Research  announced  their  inten- 
tion of  making  a  series  of  determinations  of  the  effects  of  carbon, 
phosphorus,  silicon,  manganese  and  other  elements,  upon  the 
strength,  toughness,  elasticity  and  other  qualities  of  iron  and 
steel.  The  specimens  were  to  be  analyzed  and  subjected  to  ten- 
sion, torsion,  compression  and  other  mechanical  tests. 

Makers  of  metal  were  requested  to  give  a  full  description  of 
the  kind  and  make  of  raw  materials,  and  of  processes  employed 
in  the  manufacture  of  the  bars,  and  also  of  the  size  of  the  ingot 
or  pile,  the  number  of  re-heats,  anil  the  extent  to  which  hammering 
or  rolling  was  employed  in  the  reduction,  to  be  kept  in  a  reference 
book — each  description  having  a  number  corresponding  with  that 
of  the  bar  —  all  of  which  would  be  of  great  value. 

Analyses,  including  color  carbon  tests  —  in  case  they  had  made 
them  —  were  to  be  given  in  the  above  description,  together  with 
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their  mechanical  tests  of  the  material  fiunisheil,  with  statement 
of  sliape  and  diinensions  of  specimens  tested,  were  all  to  be  re- 
corded and  furnished. 

This  Committee  requested  each  maker  to  supply,  where  pos- 
sible, one  or  all  of  the  grades  of  steel  in  the  following  list :  — 

1  bur  of  Steel,  coutainiug 0.10  per  ct.  carbon. 

1        "  "  •'  ...'...  O.L'O      "  " 

1        "  "  "  0.30      "  " 

1         "  "  "  0.40       "  " 

1       "        "  '»         o.r)0     "        " 

1         "  "  "  O.GO       '•  " 

1         "  '«  "  0.70       "  " 

1         <«  "  "  0.80       "  ♦' 

1       "        "  "         .......    o.yo     "         " 

1         "  "  »'  1.00 '     "  " 

The  Committee  also  asked  :  — 
1  bar  of  each  of  such  irons  or  steels  as  maj'  show  any  paiticuhuly  good 
or  particnlarlj'  bad  qualities,  or  such  as  may  exhibit  any  very 
marked  or  unusual  characteristics. 
1  bar  of  best  wrought  iron,  with  its  trade  mark  stamped  upon  it. 
1  bar  of  very  hard,  but  not  cold  short  wrought  iron. 
1  bar  of  extremely  soft  wrought  iron. 
1  bar  of  average  '•  puddled  steel." 

Is  was  further  proposed  to  test  series  of  steels  in  which  one  ele- 
ment, as  phosphorus,  manganese  or  sulphur,  varied  by  tenths  or 
other  fractions  of  a  per  cent.,  all  other  elements  being  as  nearl}''  as 
possible  constant  in  amount  in  each  series. 

The  Committee  requested  to  be  sent : — 

Iron  and  steel  bars  of  every  variety  of  temper  and  quality. 

It  seemed  (they  stated)  important  to  ascertain  what  chemical  constitu- 
ents, and  how  much  of  them,  make  iron  had,  as  well  as  good;  and  what 
elements  give  it  any  peculiarities.  The  Committee  were,  therefore,  quite 
as  anxious  to  get  bars  of  bad,  and  especially  of  peculiar  qualities,  as  to 
get  standard  specimens.  Neither  the  chemists  nor  the  experimenters 
were  to  know  who  made  the  bars  submitted  to  this  series  of  tests,  and  no 
names  will  be  published  in  connection  with  the  report  on  results  of  test. 

A  full  description  was  required  of  the  kind  and  make  of  raw  materials, 
and  of  processes  employed  in  the  manufacture  of  the  bars,  and  also  of 
the  size  of  the  ingot,  or  pile,  the  number  of  re-heats,  and  the  extent  to 
which  hammering  or  rolling  was  employed  in  the  reduction,  each  descrip- 
tion having  a  number  corresponding  with  that  of  the  bar. 

The  Committee  appointed  to  determine  the  eftects  of  variation 
of  temperature  upon  the  metals,  proposed  to  ascertain  facts  relat- 
ing to  the  behavior  of  rails  and  of  machinery  exposed  to  the  ex- 
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treines  of  teni|)erature  ol)Sorvo(l  in  nortlicin  latitudes,  wliicli,  wlieie 
exposed  to  weiir  or  to  brejdtage,  nllbnl  valuable  data.  Tlie  eliar- 
acter  of  the  fracture  and  the  texture  of  the  abrailed  surfaces,  as 
well  as  the  statistics  ordinarily  collected,  were  to  be  noted.  Speci- 
mens exhibiting  peculiarities  of  behavior  or  appearance,  and  photo- 
graphs of  masses  which  it  may  not  be  convenient  to  forward,  were 
asked  as  of  real  value.  Where  exact  quantitative  analyses  of 
metals  exhibiting  unusual  characteristics  could  be  given,  they 
were  requested  as  aiding  etiectively  in  the  determination  of  the 
causes  of  such  pecidiarities. 

The  statistics  of  well-managed  railroads  were  expected  to  afford 
useful  anil  reliabh;  information.  Rolling  mills,  producing  rails 
and  other  forms  of  rolled  iron  which  are  tested  b}'  the  drop,  it  was 
thought  might  be  able  to  furnish  more  accurate  statements  of  the 
effect  of  changes  of  temperature  in  modifying  resistance  to  shocks. 

Some  experimental  work  had  already  been  done  in  this  field,  and 
it  was  desired  that  the  results  of  such  researches  should  be  com- 
municated in  as  great  detail  and  with  as  much  accuracy  as  possible. 
Pul)lished  monograi)hs,  references  to  papers  published  in  scientiQc, 
engineering  or  other  periodicals,  and  unpublished  papers,  were 
accepted  as  valuable  contributions. 

Assistance  was  asked  by  the  committee  in  the  endeavor  to 
ascertain  the  character  of  the  changes  of  the  force  of  cohesion 
produced  in  the  metals  and  their  alloys  b}'  variations  of  tempera- 
ture, to  determine  the  mathematical  expression  of  the  law  govern- 
ing such  changes,  and  to  ol)tain  such  foimulas,  either  exact  or 
approximate,  as  would  make  these  results  conveniently  and  prac- 
tically available  to  engineers  and  constructors. 

Many  experiments  have  been  made  by  the  rolling-mills  engaged 
in  the  manufacture  of  wrought-iron  beams,  the  results  of  which  have 
doubtless  been  carefully  recorded  and  tabulated.  The  Committee 
on  Beams  and  Girders  asked  copies  of  such  records  and  tables. 
Engineers,  architects  and  manufacturers,  have  also  made  many  ex- 
periments upon  cast-iron  beams  and  riveted  wrought-iron  struts  and 
girders,  the  results  of  which  were  requested  b}'  the  Connnittee. 

It  was  considered  desirable  that  information  as  full  as  might  be 
obtainable,  with  reference  to  the  constitution  and  manufacture  of 
the  iron  used  in  making  the  pieces  tested,  should  accompany  re- 
ports of  experiments,  especially  chemical  analyses  of  the  metal 
where  these  have  been  carefully  made. 

The  proportions  of  the  various  parts  of  the  samples  tested  were 
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to  be  exactly  given  ;  and  in  all  riveted  work  the  size  and  position 
of  tlie  rivets  should  be  clearly  set  forth.  In  all  cases,  the  modes 
of  applying  and  measuring  the  strains  to  be  stated. 

Accuratecross-sectionsof  the  samples  tested,  drawn  to  scale,  large 
enough  to  admit  of  reliable  measurements,  were  desired  as  greatly 
facilitating  a  proper   understantling  and  analysis  of  the  results. 

"While  the  machinery  ordered  by  the  Board  was  in  course  of  con- 
struction the  Committee  desired  to  collect  information  as  above, 
and  to  make  such  experiments  as  seem  practicable  by  the  use  of 
dead  loads.  For  these  experiments,  and  for  those  which  were  to 
be  made  when  the  machinery  was  ready  for  use,  manufacturers  were 
asked  to  supply  such  beams,  girders  and  columns  as  they  desired 
to  have  care  full}'  and  impartially  tested. 

The  Committee  on  Cast  Iron  sought  information  relative  to  : — 

First, — The  strength  of  cast  iron — tensile,  compressive,  transverse, 
shearing  and  torsional— under  various  conditions  of  qualit}-,  form  and 
mode  of  application;  phenomena  of  rupture;  the  forms  of  breai<age 
occurring  sufficiently  often  to  suggest  characteristic  resistances;  facts  in 
regai-d  to  "steady  strain  and  impact;"  the  "fatigue"  of  cast  iron  from 
long  continued  loads  and  strains,  from  frequently  repeated  vibrations, 
shocks  or  blows  ;  practical  methods  of  casting  large,  bulky  masses  or  very 
small  patterns;  methods  of  making  castings  intended  to  resist  strains,  so 
as  to  secure  freedom  from  spoMginess  and  blow-holes;  points  to  be  ob- 
served in  selecting  one  or  more  varieties  of  iron,  with  a  view  of  attaining 
definite  qualities  of  castings;  methods  for  discovering  imperfections  in 
castings,  etc. 

Second. — Influence  of  heat,  and  of  slow  or  rapid  and  sudden  cooling; 
chill  hardening;  refining;  crystallographic  forms;  physical  or  graphitoi- 
dal  mixtures  of  carbon;  presence  of  silicon;  effects  resulting  from 
changes  in  the  arrangement  of  molecules  Irom  any  cause ;  molecular  ten- 
sion affected  by  chemical  changes;  corroding  influences  when  in  continued 
contact  with  fresh  or  salt  water,  or  gases;  appearances  leading  to  a 
definite  knowledge  of  quality  or  character,  etc.,  etc. 

The  Committee  on  the  strength,  etc.,  of  metallic  allo\'s,  endeav- 
ored to  ol)tain  records  of  all  experiments  which  have  hitherto  been 
made  in  that  direction,  and  to  secure  such  exact  information  as 
might  assist  in  further  researches. 

It  was  stated  as  desirable  that  such  records  should  embody  a 
statement  of  the  precise  chemical  constitution  of  each  allo}^  ex- 
amined, as  obtained  both  by  synthesis  and  subsequent  analysis. 
Its  specific  gravity,  specific  heat,  conductivity,  its  combining 
number,  and  the  relation  of  its  chemical  constitution  to  the  series 
of  similar  compounds  pi'oduced  by  alloying  the  elements  in  the 
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prci[)uilions  of  clu'iiucal  eciuivaleuls,  were  to  be  stated  whenever 
possible.  A  few  thoroughly  well  studied  examples  were  said  to  be 
of  more  service  than  a  large  number  of  isolated  determinations  of 
single  facts. 

It  was  further  desired  that  the  ullimalc  strength,  the  elastic 
limit,  llie  modulus  of  elasticity,  the  duclility,  resilience,  homogen- 
eousness,  hanluess  and  other  mechanical  properties  of  the  speci- 
men should  be  ascertained  and  accurately  stateil. 

Where  only  a  part  of  this  work  could  be  done  by  the  investigator, 
the  Counnittee  assumed  charge  of  the  remaining  portion  of  the  re- 
search, when  the  alloy  could  be  furnished  in  i)ioper  quantity  and 
form. 

References  to  published  accounts  of  similar  works  and  mono- 
graphs on  an^  branch  of  the  subject  were  asked. 

The  Departments  of  Physics  and  of  Chemistr}'  in  the  various 
colleges  and  universities  might  piobably  be  able  to  render  valuable 
aid,  and  their  cooperation  was  earnestly  requested. 

The  Schools  of  Engineering  are  in  a  position  to  assist  this 
Committee  very  effectively*,  and  their  contributions  were  gladly 
accepted. 

Specimens  of  alloys  for  test  b}'  the  Committee  were  to  be  ac- 
companied by  a  statement  upon  proper  blanks  of  their  precise 
constitution,  and  such  information  as  it  might  be  possible  to  give, 
with  an  account  of  peculiarities  known  to  distinguish  the  alloy, 
and  of  the  special  object  supposed  to  be  attainable  by  the  investi- 
gation. 

"Where  possible,  it  was  required  that  one  or  more  specimens 
should  be  furnished  of  each  of  the  specified  kinds,  and  of  a  defi- 
nite form  and  <limensions,  which  were  given  on  application. 

Other  committees  set  about  tiieir  work  in  a  similar  wa}*,  and  the 
Board  thus  inaugurated  a  scheme  for  the  investigation  of  the 
strength  and  physical  characteristics  of  the  ''  useful  "  metals  which 
was  more  comprehensive  and  more  thoroughly  organized  than  any 
ever  before  attemi)tod. 

The  Board  received  very  little  information  from  any  class  to 
whom  the  above  described  applications  were  addressed. 

Some  valuable  communications  were,  however,  received,  and  the 
Secretary  has  translated  a  number  of  papers  received  from  France 
and  Germany,  and  containing  valuable  matter,  which  papers  will 
be  printeil,  should  Congress  so  direct,  with  the  reportsof  the  Board. 

Several  committees  at  once  entered  upon  the  most  important  of 
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the  investigations  offered  by  the  Board  and  have  continued  their 
work  up  to  the  i)resent  time.  Other  Committees  decided  to  await 
the  completion  of  the  great  testing  machine  ordered  before  be- 
ginning the  heavier  work  assigned  tliem.  In  one  or  two  other 
eases,  committees  began  working,  but  ceased  when  it  seemed  prob- 
able that  Congress  would  not  sustain  the  Board  in  its  work,  and 
when  appropriations  were  refused  by  the  House  Committee. 

In  several  cases,  the  want  of  funds  has  not  prevented  good  work 
being  done,  however. 

The  Bureau  of  Equipment  of  the  Navy  Department  permitted 
the  committees  on  wrought  iron  and  on  chain  cables  to  do  their  w'ork 
on  the  testing  machine  at  the  Washington  Navy  Yard,  and  allowed 
those  committees  to  make  use  of  an  extremely  valuable,  ver^'  ex- 
tended and  quite  expensive,  series  of  tests  there  made  for  that 
Bureau,  thus  placing  in  the  hands  of  the  Board  invaluable  material 
from  which  to  deduce  most  important  facts  and  principles. 

When  it  seemed  probable  that  the  interruption  of  the  operations 
of  one  of  the  most  important  committees  must  occur,  in  the  absence 
of  congressional  support,  private  business  firms  volunteered  to 
fiunish  the  material  needed  for  their  work,  although  the  expense 
was  certain  to  be  considerable  ;  and  when  the  preparation  of  a  re- 
port was  likely  to  be  interrupted  in  consequence  of  lack  of  funds 
needed  in  making  the  calculations,  the  drawings  and  the  diagrams 
required  to  illustrate  it,  a  gentleman  whose  a[)i)reciation  of  its 
value  was  evidently  greater  than  that  exhibited  by  our  representa- 
tives in  Congress  offered  to  pay  the  cOst. 

The  work  done  to  date  ma}'  be  summarized,  as  reported  bj'  a 
Committee  of  the  American  Society  of  Civil  Engineers,  as  fol- 
lows :  — 

The  general  plan  is  announced,  and  is  to  be  a  thoroughly  scientific  and 
systemiitic  exploration  of  the  field  assigned  to  the  Board.  Materials  are 
not  only  to  be  tested  and  the  results  stated  as  those  derived  from  the  ex- 
amination of  a  metal  of  a  conventional  denomination,  but  the  test-piece, 
in  eacli  case,  will  usually  i)e  examined  to  determine  how  far  peculiar  qual- 
ities are  attriijutable  to  peculiarities  of  chemical  composition  and  of 
physical  structure. 

A  chemical  laboratory  has  been  establislied  at  Watcrtown  Arsenal,  and 
the  chemist  to  the  Board,  Mr.  Andrew  A.  Blair,  formerly  of  St.  Louis,  lias 
already  done  a  large  amount  of  work  upon  irons,  steels  and  other  metals 
and  alloys,  and  the  specimens  thus  examined  as  to  composition  are  sub- 
jected to  the  several  kinds  of  mechanical  stress  to  discover  the  effect  of 
composition  in  determining  resistances  to  distortion  and  rupture. 
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A  series  of  steels  is  in  preparation  iiiidt'r  the  direction  of  the  Committee 
on  Chfmical  He-search,  in  wiiich  other  elements  Ijcin^  retained  constant 
in  amonnt,  the  cari)()n  varies  re;:iihuly  from  0  to  '1  per  cent. ;  another  series, 
wiih  carbon  uniform,  lias  silicon  in  varyini;  pro|)ortions ;  another  set  va- 
ries in  plios{)iiorus,  still  another  in  sulplinr,  and  another  series  is  variable 
in  many;anese.  In  each  series,  one  element  varies  between  wide  limits, 
while  the  other  elements  are  all  retained  as  uniform  as  possible.  Tiie 
woriv  of  the  melter  is  checlied  Ijy  analysis,  and  the  specimens  are  then 
tested  luechanically.  This  investisj^ation,  greatly  as  it  has  been  needed, 
has  never  before  been  even  attempted.  It  is  considered  by  the  members 
of  the  Board  as  liliely  to  prove  the  most  valuable  research  ever  made  in 
this  direction,  and  the  oidy  one  in  which  the  chemist  and  the  enj;ineer 
have  ever  systematically  joined  forces  in  mailing  such  an  exhaustive  and 
scientific  investigation. 

The  Committee  on  Abrasion  and  Wear  is  engaged  in  collating  informa- 
tion relating  to  this  subject,  and  is  making  experiments  at  the  Stevens 
Institute  of  Technology  on  the  abrasion  and  wear  of  the  metals,  and  on 
the  effect  of  lubrication  in  reducing  it.  The  Cliairman  is  fitting  up  ma- 
chinery and  apparatus  for  use  iu  further  investigation.  A  considerable 
amount  of  work  has  been  done. 

The  Committee  on  Armor  Plate  is  engaged  in  collating  from  domestic 
and  foreign  sources  information  that  may  be  valuai)]e  in  determining  the 
qualities  requisite  in  armor  plate,  and  how  those  qualities  are  to  be  se- 
cured. The  records  of  the  Army  and  Navy  Departments,  and  of  the 
British  Admiralty  are  considered  to  be  the  most  promising  mines  of  infor- 
mation to  be  worked  by  this  Committee. 

The  Committee  on  Chemical  Research  has  charge  of  the  chemical  work 
referred  to. 

The  Committee  on  Chains  and  Wire  Rope  is  endeavoring  to  determine 
the  character  of  metal  best  adapted  to  making  chain  and  rope,  and  the 
proper  form  and  proportion  of  link,  and  is  working  up  the  data  which 
have  long  been  collecting  at  the  Navy  Department.  The  later  experiments 
of  Com.  Beardslee  are  extensive  in  range,  and  that  officer  is  collating  and 
arranging  the  records  for  the  use  of  the  Board.  Furtiier  experiments 
will  fill  up  any  hiatus  that  may  be  detected.  The  Navy  Yard  at  Washing- 
ton, where  this  work  is  going  on,  affords  peculiar  facilities  not  only  for 
testing,  but  for  making  chain  cable  of  any  desired  size,  form  of  link  or 
quality  of  metal. 

Work  already  done  there  by  the  Chairman  of  tliis  Committee  has  re- 
vealed serious  defects  in  accepted  tables  of  sizes  and  strength,  and  has 
indicated  the  rate  of  variation  of  strength,  with  variation  of  size  of  bar, 
and  permitted  the  formation  of  a  new  and  trustworthy  table. 

The  Committee  on  the  Corrosion  of  Metals  is  investigating  the  condi- 
tions affecting  the  corrosion  of  metals  in  use.  Some  information  has  been 
collected,  some  chemical  work  has  been  done,  and  much  more  work  is 
projected  for  the  ensuing  year. 

The  Committee  on  the  Effects  of  Temperature  has  planned  an  extended 
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Investigation  of  tliis  sulijcct,  and  is  uatlieiini:  information  from  various 
sources.  The  researth  will  be  commenci'il  i)y  tlie  Chairman  during  tiie 
coming  year,  if  the  IJoartl  is  sustained  in  its  worlv.  The  Chairman  lias 
already  collated  ail  published  information  accessible  in  periodical  litera- 
ture,—  has  made  some  preliminary  experiments,  and  is  reCL-iving  some 
information  from  various  directions. 

Tiie  Committee  on  Girders  and  Columns  has  a  plan  of  operati'>ns  which 
includes  elaborate  investigations  of  the  strength  of  materials  in  columns 
and  girders  of  various  forms  and  proportions.  This  is  the  most  formid- 
able and  expensive  of  the  researches  to  be  undertaken  by  the  Board,  and 
the  power  anil  accuracy  of  the  400  tons  testing  machine  will  be  fully  taxed 
in  this  work.  The  Committee  is  receiving  the  cooperation  and  active  aid 
of  some  of  the  largest  manufacturers  of  beams  and  girders  in  the  country. 
The  results  of  experiments  already  made  have  been  communicated  to  the 
Committee  by  the  engineers  of  railroads  and  of  mills,  and  in  other  cases 
important  and  costly  experiments  have  been  undertaken  by  private  incor- 
porated companies  (the  Board  has  been  invited  to  be  present  and  to  assist 
in  the  work  if  it  should  seem  desirable) ;  these  results  are  to  be  given  the 
Board,  such  sizes  and  proportions  as  the  Board  may  desire  to  test  are  to 
be  made,  and  all  necessary  labor  furnished  without  any  expense  to  the 
government.  Bridge  builders,  civil  and  mechanical  engineers  and  archi- 
tects are  corresponding  with  the  Board  on  this  subject,  an(J  the  greatest 
interest,  and  a  most  gratifying  public  spirit  are  said  by  the  members  to  be 
met  on  all  sides.  The  Committee  itselflias  done  considerable  experimental 
work. —  principally  at  Buffalo, —  the  material  having  been,  in  some  cases, 
gratuitously  furnished  by  manufacturers  of  rolled  beams. 

The  Committee  on  Malleable  Iron  lias  collated  a  large  mass  of  valuable 
information,  and  the  records  of  a  great  number  of  experiments,  and, 
among  other  important  matter,  lias  obtained  an  extensive  collection  of 
experimental  determination  of  the  effect  of  time  upon  the  elevation  of 
the  elastic  limit  by  strain,  during  periods  varying  from  a  few  seconds  up 
to  a  year.  The  variation  of  quality  due  to  differences  of  size  and  form 
of  section  of  the  bar  and  the  modification  of  strength,  ductility  and  res- 
ilience are  under  investigation.  The  Chairman  of  this  Committee  is  also 
determining  the  influence  of  proportions  of  test-pieces  upon  their  ulti- 
mate resistances. 

The  Committee  on  Cast  Iron  is  pursuing  a  course  similar  to  that  of  the 
Committee  on  Malle;ible  Iron,  with  similarly  promising  results. 

the  Committee  on  Metallic  Alloys  has  made  an  investigation  of  the 
strength  and  other  properties  of  bronzes,  which  may  be  taken  as  typical 
of  the  kind  of  work  to  be  d(me  by  the  Board. 

Several  series  of  copper-tin  alloys  were  prepared,  varying  in  some  cases 
by  regular  percentages,  and  in  others  by  chemical  equivalents,  and  were 
cast  in  bars  of  1-inch  square  section  and  ai)out  28  inches  long.  Their 
temperatures  effusion  were  taken  at  casting,  and  some  were  cast  in  sand, 
and  others  in  an  iron  ingot  mould.  The  weighing  was  carefully  done  in 
a  Coast  Survey  balance,  in  the  Physical  Laboratory  of  the  Stevens  Insti- 
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tute  of  Teclinoloiry.  A  set  wore  reserved  for  the  determination  of  tlie 
cot'flicient  of  expruisi  )n.  l)y  Dr.  Mayer.  The  otiiers  were  broken  by 
transverse  stress,  one  set  by  dead  loads,  and  otliirs  in  the  transverse  test- 
in;;  nintliineof  the  Mi-chanical  Laboratory,  and  deflections  and  tests  were 
recorded  to  tlie  fourtli  place  of  decimals,  in  inches,  and  also  in  meters 
with  eqnal  precision.  The  loj^s  were  made  up,  and  the  results  were 
also  laid  <>tf;;raphica]ly.  Thecnrves  revealed  some  peculiar  and  impor- 
tant facts.  Tlie  fractures  were  photographed  and,  where  peculiar,  were 
reported  upon  by  Prof.  Leeds,  the  chemist  and  mineralogist  of  the  In- 
stitute. From  the  data  obtained,  the  coefflcients  of  elasticity  were  cal- 
culated and  recorded. 

Complete  sets  were  next  broken  by  tension,  and  the  results  recorded 
and  worked  up  as  with  the  transverse  tests,  and  the  records  and  curves 
compared,  and  a  series  of  compression  specimens  were  made  up  as  com- 
panion test-pieces. 

The  full  series  was  finally  tested  in  the  autographic  recording  machine 
and,  from  the  strain-diagrams,  their  strength,  elasticity,  ductility,  resili- 
ence and  homogeneousness  were  deduced,  and  the  law  of  variation  worked 
up  graphically.  The  effect  of  straiu  in  elevating  the  elastic  limit  was  ob- 
served. 

All  specimens  were  examined  by  the  chemist,  and  a  comparison  made 
between  the- proportions  by  mixture  and  composition  in  the  bar  which 
exliibit  the  loss  of  metal,  and  to  some  extent,  change  of  physical  character, 
produced  by  melting  and  casting.  Some  curious  and  interesting  scientific 
facts  are  revealed  by  the  research,  and  a  new  mineral,  consisting  of  stan- 
nic acid  with  a  trace  of  copper,  in  magnificent  needle-shaped  crystals  was 
produced  in  some  cases,  which  has  been  subjected  to  examination  and 
analysis  by  Prof.  Leeds. 

A  determination  of  specific  gravities  of  the  metals  as  purchased,  as  cast 
and  as  compressed  mechanicall}',  and  in  mass,  and  in  a  state  of  fine  divis- 
ion, concludes  this  research. 

A  similar  researchis  in  progress,  under  the  direction  of  this  Committee, 
by  Prof.  Thurston,  its  Chairman,  which  is  intended,  also,  to  be  as  com- 
plete and  accurate  an  investigation  of  the  copper-zinc  alloys  as  the  re- 
sources at  command  will  permit. 

Before  entering  upon  this  work,  the  Chairman  collated  all  published 
material  bearing  on  the  subject,  and  a  preliminary  report  of  about  one 
hundred  pages  embodies  the  most  important  facts  previously  determined, 
and  contains  the  bibliography  of  this  subject  of  copper-tin  alloys.  This 
work  was  supplemented  by  making  graphical  records  of  the  experimental 
work  of  Mallet,  Mathessen,  Calvert,  Johnson  and  others  on  the  conduc- 
tivity for  heat  and  electricity,  and  the  specific  gravity  and  other  properties 
of  copper-tin  alloys,  as  had  been  examined  by  them.  It  was  the  intention 
to  profit  by  facts  already  acquired  by  acknowleged  authorities,  to  comple- 
ment them  by  the  new  investigations,  and  to  avoid  useless  repetition  of 
work  involving  :  erious  expenditure  of  time. 

This  paper  is  itself  regarded  as  exceedingly  valuable,  and  particularly 
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to  the  mechanical  engineer,  as  it  is  the  first  lime  that  these  earlier  re- 
searches have  ever  been  collected  and  put  in  an  accessible  and  compact 
form. 

A  similar  preliminary  research  is  made  to  preface  the  examination  of 
the  copper-tin-zinc  alloys,  and  the  same  plan  will  be  pursued  throngliout. 

The  Committee  on  Orthogonal  Strains  is  planning  a  series  of  experi- 
iTients  to  determine  the  laws  of  the  resistance  of  materials  nnder  simul- 
taneous stresses  acting  in  rectangular  directions,  as  in  the  case  of  a  rod 
subjected  to  torsional  or  shearing  simultaneously  with  tensile  or  compres- 
sive stress.  The  subject  has  been  entirely  unstudied  up  to  the  present 
time. 

The  Committee  on  Physical  Phenomena  is  preparing  to  seek  for  the 
phenomena  induced  by  stress  in  the  various  physical  modes  of  energy,  as 
the  development  of  magnetic,  electric  and  thermal  actions.  The  fact  of 
the  development  of  heat  and  electricity  has  long  been  known,  but  no  sys- 
tematic or  scientific  investigation  has  ever  been  made  in  this  direction. 

The  Committee  on  Steel  produced  by  Modern  Processes  is  working  with 
the  Committee  on  Chemical  Research.  It  is  collating  also  tlie  vast  mass 
of  material  available  and  will  endeavor  to  make  a  report  which  shall  be 
of  great  and  permanent  value. 

The  Committee  on  Re-heating  and  Re-rolling  is  to  test  iron,  etc.,  in  the 
several  stages  of  manufacture;  retined  and  unrefined,  and  to  observe  the 
eflfects  of  successive  re-heats,  of  re-working  and  rolling,  to  determine,  if 
possible,  what  amount  of  working  is  demanded  by  different  irons,  and 
what  are  the  temperatures  which  will  practically  give  the  best  results. 

The  Committee  on  Steel  for  Tools  is  makii;g  an  extended  series  of  ex- 
periments at  the  "Washington  Navy  Yard  to  determine  the  value  of  various 
steels  for  tools.  A  large  collection  of  steels  is  made;  their  composition 
is  determined,  and  they  are  there  carefully  tested  by  setting  tliem  at 
work  —  turning,  planing,  boring  and  chiselling  —  and  their  behavior  and 
their  composition  being  thus  ascertained  it  will  probably  be  easy  to  learn 
the  chemical  and  physical  characteristics  of  the  best  tools.  The  names 
of  makers  are  of  no  importance  in  this  investigation,  and  are  not  to  be 
reported.  The  Board,  in  all  its  work,  will  avoid  reference  to  makers  of 
material  in  any  way  that  may  injure  any  manufacturer  directly  or  indirectly. 
Scientific  knowledge  of  directly  practical  value,  and  engineering  facts  and 
figures,  solely  are  sought. 

Since  that  Committee  reported,  several  of  these  investigations 
have  been  completed,  and  the  reports  are  now  completed,  or  are  in 
preparation. 

About  150  steels  have  been  completel}'  analyzed,  and  the  Com- 
mittee on  Chemical  Research  are  making  the  tests  of  their  physical 
and  mechanical  properties  for  comparison.  This  work  inay  proba- 
bly never  be  completed  as  the  Committee  have  not  sufficient  funds. 

The  Committees  on  Wrought  Iron,  or  Re-heating  and  Re-rolling, 
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and  on  Cables,  make  a  common  report  wliicli  is  completed.  In 
tliis  re|)ort,  the  information  above  outlined  is  carefnlly  collated, 
and  it  is  expected  that  the  facts  and  data  given  will  be  valnable  to 
all  makers  and  users  of  iron,  and  especially  those  portions  which 
analyze  and  describe  the  effects  of  the  several  details  of  processes 
of  makin<j;  and  rolling  iron,  the  effects  of  various  kinds  of  strain, 
and  the  results  of  the  attempts  made  to  determine  the  best  method 
of  making  cables  for  large  vessels,  and  to  determine  how  uniform 
strength  can  be  secured  in  iron  of  different  sizes  in  the  bar,  and 
how  to  make  large  masses  equally  strong  with  small  pieces. 

The  report  of  the  Committee  on  Metallic  Alloys — containing 
600  pages  of  manuscript  with  illustrations,  tables  of  date  and  dia- 
grams—  is  comi)leted  so  far  as  it  relates  to  the  copper-tin  al- 
loys. The  work  on  the  other  alloys,  copper-zinc  and  copper-tin- 
zinc,  is  done,  and  those  reports  are  in  preparation.  The  result 
of  all  this  work  is  comprised  within  the  smallest  possible  compass, 
in  the  small  model  here  exhibited'  on  uliicii  the  strength  of  all 
possible  alloys  of  these  three  classes  is  shown  by  ordinates  meas- 
uring 25,000  pounds  per  square  inch,  for  each  vertical  inch  of  the 
ordinate.  On  this  little  triangular  plate,  every  possible  composi- 
tion of  the  three  metals,  copper,  zinc  and  tin  —  whether  combined 
two  or  three  together  —  is  represented.  Similar  models  may  be 
made  to  represent  the  ductility  of  all  these  alloj's,  or  the  resili- 
ence, or  the  elasticity,  or  any  other  qualit}'  which  has  been  deter- 
mined. It  will  be  observed  that  we  have  here  a  beautifully  accurate 
method  of  ascertaining  maxima.  It  will  be  seen  when  the  model 
is  studied  that  a  maximum  occurs  when  a  composition  containing 
nearly  the  proportions  of  Muntz  metal  with  about  two  or  three  per 
cent,  of  tin  is  found,  and  it  will  be  seen  that  a  very  slight  deviation 
in  either  direction  from  this  exact  mixture  reduces  the  strength  im- 
mensel}'.  In  one  direction  a  change  of  but  a  few  per  cent,  makes 
a  metal  so  brittle  that  it  falls  to  pieces  in  the  mould.  It  is  also 
seen  that  the  strength  of  certain  alloj's  can  be  calculated  from  their 
composition,  a  very  simple  formula  giving  the  range  of  composi- 
tions of  maximum  strength  :  — 

Thus,  Z  -f-  -i  Sn  =  M  may  be  taken  as  one,  in  which  Z  is  the 
percentage  of  zinc,  Sn  that  of  tin  in  any  triple  alloys,  and  M  the 

>Sce  Illustration  accompanying  paper  '•  On  a  New  Method  of  Plnnning  Researches," 
etc. 
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total  wlik'h  give  a  composition  of  maximum  strength.  That 
stiengtli  is  not  far  from 

40,000  +  500  Z  =  Tenacity 

where  Z  is  the  percentage  of  zinc,  in  those  alloys  of  maximum 
streiigtii.  Again  for  copper-tin  alloys  of  from  0  to  20  per  cent, 
tin,  the  tenacity  is  not  far  from 

30,000+ 1,000  Sn  =  T 

where  Sn  is  the  percentage  of  tin  present,  the  alloys  having  been 
well  fluxed  and  the  casting  [perfectly  sound.  For  brass,  the  formula 
would  be  approximately  within  certain  limits, 

30,000  +  500  Z  =:  T. 

The  other  Committees  than  those  named  have  not  reported,  but 
it  is  hoped  that,  if  properl}'  supported  b}'  Congress,  they  will  all 
have  valuable  information  to  give. 

There  seems  to  have  been  no  opposition  to  the  continuance  of 
this  Commission  inside  or  outside  the  halls  of  Congress,  except  in 
the  House  Committee  on  Appropriations,  where  some  members 
have  not  become  convinced  that  the  work  of  the  Board  is  as  im- 
portant in  its  way  as  that  of  the  several  Bureaus  of  the  Depart- 
ment of  the  interior,  including  the  Patent  Ollice  ;  that  it  is  the  only 
way  in  which  the  mineral  resources  of  the  country  and  the  metal 
industries  can  be  efi'ectiveh'  developed,  and  that  in  no  other  way 
can  tlie  engineers  who  design,  and  the  manufacturers  who  build  all 
works  in  which  metal  is  usetl,  obtain  that  exact  knowledge  of  their 
materials  which  is  essential  to  the  security  of  their  constructions. 

It  is,  to  a  certain  degree,  a  satisfaction  to  be  al)le  to  report  that, 
although  our  own  legislators  have  shown  so  little  appreciation  of 
the  importance  of  a  national  work  like  this,  those  of  other  countries 
have  been  quick  to  take  the  hint  given  them,  and  that  inquiries 
have  come  from  several  directions  respecting  the  organization,  and 
the  methods  of  work  of  the  Board  which  indicate  that  similar 
commissions  will  probably  be  organized  in  other  countries,  and 
that,  so  far  as  the  scientific  results  aimed  at  are  concerned,  we  may 
hope  to  see  good  work  done,  although  we  must  forego  the  credit 
of  having  ourselves  done  that  work,  and  notwithstanding  the  fact 
tliat  the  commercial  benefit  hoped  for  is  the  direct  consequence  of 
the  work  of  our  own  Board. 
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It  is  greatly  to  bo  regrettctl  that  the  business  and  sciontific  men 
of  the  country  have  permitted  their  influence  to  become  of  so  little 
Aveigiit  at  the  nati(»nal  capital.  The  work  of  this  Board  has  been 
deniandod  by  nearly  all  of  the  principal  organizations  of  business 
men,  by  the  scientific  schools  and  l\v  the  faculties  of  many  of  the 
colleges  of  the  country,  and  memorials  have  been  presented  in 
Congress,  asking  liberal  support  for  the  Bc^ard,  from  the  American 
Iron  and  Steel  Association,  the  American  Society  of  Civil  Engi- 
neers, the  American  Institute  of  Mining  Engineers,  the  several 
institutes  of  technology,  and  from  other  institutions ;  but  our 
representatives  have  taken  far  less  interest  in  the  matter  than 
should  have  been  expected,  and  the  House  Committee  on  Appro- 
priations have  actually  introduced  into  their  last  appropriation  bill 
a  provision  for  the  discharge  of  the  Board  at  the  end  of  the  present 
fiscal  year. 


On  a  New  Method   of  Planning  Researches   and  of  Repre- 
senting  TO   THE    EYE  THE  RESULTS   OF    COMBINATION    OF  THREE 

OR  BiORE  Elements  in  Varying  Proportions.  By  R.  H. 
Thurston,  of  Hoboken,  N.  J. 

I,  The  writer  has  lately  been  called  upon  to  conduct,  in  the 
mechanical  laboratory  of  the  Stevens  Institute  of  Technology', 
among  other  researches,  a  series  of  investigations  of  the  mechan- 
ical properties  of  the  more  important  alloys  of  the  useful  metals. 

The  most  extended  and  important  of  these  investigations  was 
made  at  the  request  of  a  Committee  of  the  Board  appointed  by 
the  President  of  the  United  States,  by  direction  of  Congress,  to 
determine  by  test,  the  values,  for  purposes  of  construction,  of 
iron,  steel,  and  other  useful  metals  and  their  combinations.  This 
"committee  on  the  metallic  allo3's"  was  directed  to  report  upon 
the  "characteristics  of  alloys  and  the  laws  of  combination." 

The  research  intrusted  to  the  writer  was  the  study  of  the  met- 
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als,  copper,  zinc,  and  tin,  and  tlicir  innumerable  combinations. 
The  planning  and  the  prosecution  of  the  examination  of  alloys 
composed  of  two  metals,  as  copper  and  tin,  or  copper  and  zinc, 
was  attended  with  no  special  dillicnlties.  A  series  of  alloys  of 
each  of  these  pairs  of  elements  was  made,  containing  from  one 
hundred  per  cent,  copper,  at  the  one  end,  to  one  hundred  percent, 
tin,  or  one  hundred  per  cent,  zinc,  at  the  other  end  of  the  series, 
and  varying  by  two  and  a  half  per  cent,  from  one  end  to  the  other. 
The  moduli  of  ru[)ture  l)y  transverse  stress,  b}'  tension,  by  com- 
pression and  by  torsion,  the  moduli  of  elasticity,  the  density,  lio- 
mogeneousness,  the  resilience  and  otiier  propertiesof  all  the  metals 
in  these  series  were  determined  and  recorded.  The  results  of  each 
test  of  each  metal  were  then  plotted,  and  the  curve  formed  by  unit- 
ing the  points  thus  laid  down  represented  the  law  of  variation  of 
distortion  of  the  piece  with  variation  of  the  distorting  force.  Such 
curves  may  usually  be  represented,  also,  by  equations  which  are 
the  mathematical  expressions  of  these  laws. 

Another  set  of  curves  was  formed  b}'  plotting  the  results  of 
tests  of  the  metals  in  series.  The  ordinates  of  one  of  these  curves, 
for  example,  measured  the  tenacity  of  the  allo3s  of  the  series 
which  it  referred  to,  and  the  abscissas  measured  the  corresponding 
position  of  the  alloy  in  the  series.  The  abscissa  of  a  certain 
point  would  thus  indicate  that  the  alloy  represented  was  midway 
in  the  series,  containing  fifty  per  cent,  of  each  metal,  and  its  ordi- 
nate would  show  its  tenacity  to  be,  say  40,000  pounds  per  square 
inch  of  original  section.  These  curves  were  curiously  unsymraet- 
rical  and  could  not  be  represented  by  an}^  simple  equation  ;  they, 
however,  are  none  the  less  valuable  as  graphical  representations 
of  the  properties  of  the  alloys  as  grouped  in  series.  An  elaborate 
report  upon  this  work  has  been  prepared  by  the  writer  for  publi- 
cation b}'  the  Board  from  which  report  the  constants  thus  deter- 
mined may  be  obtained. 

The  properties  of  anj'  series  composed  of  variable  proportions 
of  two  elements  may  thus  be  readily  determined  and  represented  ; 
the  curves  representing  the  results  are  also  representative  of  tiie 
properties  of  all  possible  alloys  of  the  two  metals. 

II.  To  determine  the  properties  of  all  the  infinite  number  of 
possible  coml)inations  of  the  three  metals  in  triple  alloys  of  copper, 
zinc,  and  tin  seemed,  at  first,  a  far  less  simple  matter.  It  was  pro- 
posed to  test,  first,  a  set  of  these  alloys  differing  by  ten  per  cent. ; 
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ami  the  fcjllowinj;  scries  was  made  up  to  he  tested  in  tension,  tor- 
sion ami  conii)ression,  and  by  transverse  stress  : — 
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It  was  not  sufficient,  however,  to  test  this  series  and  simpl}-  to 
record  the  results.  It  was  necossar3-  to  determine  the  law  con- 
necting the  mechanical  properties  with  the  composition  of  the 
allo3',  to  determine  whether  there  were  abrupt  variations  of  pro[> 
erties,  to  detect  [)oints  of  maxima  and  minima  and  to  so  accurately 
determine  these  points,  that  any  one  studying  the  results  of  the 
work  should  be  able  to  say,  with  confidence,  what  would  be  the 
precise  character  of  any  possible  alloy  of  the  three  metals  which 
be  might  propose  to  make. 

It  seemed  to  the  writer  evident  that  the  only  s\'stem  of  collating 
results  which  would  probably  enable  him  to  attain  these  essential 
objects  was  some  graphical  method.  To  represent  with  satisfactory 
precision,  completeness  and  intelligibilit}',  a  series  of  researches  on 
the  character  of  triple  alloys  of  all  desired  proportions,  appeared, 
at  first,  a  most  difficult,  if  not  insolvable  problem.  A  very  perfect 
and  most  satisfactory  method  was,  however,  finally  devised  : — 

In  any  triangle,  as  at  A,  figure  1,  let  fall  perpendiculars  upon 
the  three  equal  sides.  The  area  of  the  whole  triangle  B,  C,  D,  is 
measured  b}^  the  product  of  the  altitude,  C  E,  by  one-half  the 
base,  B  D.     Draw  lines  A  B,  AC,  AD,  to  the  vertices  of  the 
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triangle,  thus  forming  throe  smaller  triangles,  the  sum  of  which 
equals,  in  area,  the  original  triangle.  We  now  have:  C  E  X  1-2 
B  I)  =  A  F  X  1-2  IJ  I)  +  A  G  X  1-2 
B  C  +  A  II  X  1-2  C  D  ;  or,  the  sides 
of  the  triangle  being  equal,  C  E  X 
1-2  B  D  =  (A  F  -I-  A  G  +  A  II  ) 
1-2  B  I).  Hence,  A  F  -^  A  G  -|- 
A  II  =  C  E. 

But  the  area  of  the  whole  triangle 
may  be  conceived  to  represent  a  triple 
alloy  composed  of   the  three  conipo-  ^  p 

iicnts  in  proportions   represented  by 
the  areas  of  the  three  several  small  '" 

triangles  which  together  make  up  its  total  area.  But  these 
smaller  triangles  have  areas  proportional,  as  has  just  been  seen, 
to  their  altitudes,  A  F,  A  G,  A  II,  the  proportions  in  which  the 
three  metals  are  combined  to  form  the  given  triple  alloy  may, 
therefore,  be  measured  b}'  the  ratio  of  their  representative  tri- 
angles to  the  whole  triangle  in  area  and  in  altitude.  Then, 
dividing  the  height  of  the  large  triangle  into  one  hundred  equal 
parts,  the  altitudes  of  the  small  triangles,  measured  in  the  same 
units,  will  represent  the  percentages  of  the  three  elements  in  the 
given  alio}'. 

A  moment's  thought  will  show  that  we  have  here  precisely'  what 
is  needed.  Every  point  in  the  triangle  thus  represents  some  cer- 
tain triple  alloy  ;  there  is  no  possible  triple  alio}'  which  has  not  its 
representative  point  in  our  triangle.  We  now  have  before  us  a 
field  which  exactly  defines  our  research,  and  we  may  attempt  its 
exploration  with  a  clear  understanding  of  what  is  to  be  done.  Its 
topography  may  be  studied  as  systematically  and  completel}''  as 
that  of  any  other  territory  of  which  the  exact  boundaries  have  been 
determined  and  marked  out. 

Although  it  is  entirely  bej'ond  our  power,  even  if  we  desired  to 
do  so,  to  examine  every  point  in  this  great  field  and  to  make  every 
one  of  the  infinite  number  of  alloj's  here  represented,  and  then  to 
determine  the  principal  characteristics  of  each  by  direct  experi- 
ment, we  may  arrive  at  the  same  result,  as  nearly  as  we  may 
choose,  by  the  same  system  which  we  adopt  in  all  topographical 
surveys.  Let  it  be  proposed  to  discover  what  is  the  strength  of 
all  the  possible  alloys  of  copper,  zinc  and  tin  :  lay  out,  within  the 
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principal  figure,  a  scries  of  concentric  triangles,  as  in  figure  2,  of 
which  the  vertices  are  placed  at  distances  representing  ten  per 
cent.,  twenty  per  cent.,  thirty  per  cent.,  and  so  on,  from  the  ver- 
tices of  the  large  triangle  ;  select  along  the  sides  of  these  trian- 
gles excluding  the  exterior  figure,  points  ten  per  cent,  apart  for 
examination.     Tlicse  points  will  be  found  to  represent  the  list  of 

triple  alloy's  which  has  al- 
read}'  been  given  above. 
The  points  taken  in  the 
outline  of  the  principal  tri- 
angle represent  the  double 
alloys  of  copper-zinc,  cop- 
per-tin, and  tin-zinc,  in 
proportions  also  varj'ing 
ten  per  cent.  They  are  al- 
loys in  each  of  which  the 
proportion  of  the  third  ele- 
ment of  the  variable  triple 
combination  to  be  studied 
has  become  zero.  Now, 
determine  the  strength  of 
each  of  these  alloys,  and,  upon  the  point  which  represents  it  in  the 
figure,  erect  a  perpendicular  having  a  height  proportional,  on  any 
convenient  scale,  to  that  strength.  Having  completed  this  work, 
we  have,  upon  our  triangular  base-plane,  a  forest  of  verticals,  each 
of  which  is  an  ordinate  of  a  point  in  a  surface  which  may  now  be 
conceived  to  pass  through  them  all.  Curves  of  sections,  running 
in  any  desired  direction  across  this  field,  may  now  be  made,  and 
they  will  be  the  graphical  representations  of  the  law  which  con- 
nects cohesion  and  composition  in  the  series  of  alloy's  so  selected  ; 
just  as  the  surface  is  representative  of  the  law  for  all  possible 
alloys  of  the  three  metals  selected  for  experiment. 

Lines  connecting  points  of  equal  altitude  may  be  drawn,  as  on 
topographical  maps,  and,  on  these  lines  of  alloys  of  equal  strength, 
that  which  meets  any  given  requirement  in  other  respects,  as  in 
cheapness  or  in  ductility,  may  be  selected.  The  same  method  will 
evidently  answer  equally  well  in  the  representation  of  any  other 
quality,  as  the  resistance  to  transverse  fracture,  to  shearing  forces, 
to  compression,  or  in  the  exhibition  of  ductility,  elasticity,  or  of 
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the  values  of  the  moduli  of  elasticity  or  of  resilience  whether  elas- 
tic or  total. 

In  many  cases  it  would  be  found  that,  at  sharp  culminations,  in 
points  or  lines,  forming  peaks  or  ridges  in  our  topography,  it  would 
be  necessar}^  to  take  another  set  of  points  nearer  together,  and 
thus  to  feel  out  with  greater  exactness  the  sudden  changes  of  re- 
sult which  follow  the  operation  of  the  discovered  law  at  such  "crit- 
ical" points  or  lines. 

The  result  of  an  investigation,  such  as  has  just  been  described, 
may  be  very  beautifully  exhibited  to  the  eye  by  making  a  model  of 


Figure  3. 


the  surface  thus  determined.     In  carrying  out  these  researches  the 
writer  has  found  the  following  plan  perfectly  satisfactory  : — 
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Lay  out  a  triangle,  as  al)ove  described,  upon  a  surface  of  sheet 
brass.  At  the  points  at  which  deteriiiiiiatious  have  been  made, 
erect  wires  of  which  the  lengths  have  been  made  carefully  propor- 
tional to  the  onlinates  of  the  roiiresentative  surface  at  those  points, 
screwiuij;  tlieni  fuinly,  or  otherwise  lixin<;  them,  in  their  places. 
When  all  tiie  wires  are  in  place  and  are  found  to  be  of  the  exact 
length  required,  place  bits  of  board  along  the  outside  to  form  the 
boundaries  of  the  triangle,  and  poin-  in  plaster  of  Paris  until  the 
wires  ure  all  covered.  When  the  plaster  has  set,  remove  the  boards 
and  carefullly  cut  away  the  upper  part  of  the  plaster,  working  care- 
fully down  to  the  toi>s  of  the  wires.  Just  exposing  their  points.  The 
surface  thus  produced  is  a  model  of  the  strength,  or  other  quality 
represented,  of  all  the  alloys. 

Mr.  M.  I.  Coster  has  prepared  for  the  w  riter  such  a  model  of  the 
cohesive  strength  of  the  allo3's  of  the  three  metals,  copper,  zinc, 
and  tin,  as  determined  for  the  United  States  Board  appointed  to 
test  metals,  and  a  photograph  has  been  taken  from  which  the  en- 
graving, figures,  has  been  made.  A  full  account  of  the  research 
has  been  prepared  for  publication  and  presented  to  the  Board.  It 
will  probably  be  printed  In^  Congress  and  the  constants  determined 
may  then  be  ol)tained.  The  writer  is  not  at  liberty  to  give  them 
here,  and  the  illustration  is  presented  simply-  as  showing  well  this 
method  of  investigation  of  such  problems,  as  it  has  been  practised 
by  him. 


On  thk  Proper  Motion  of  the  Trifid  Nebula,  =  M.  20  =r  G.  C. 
4355,  etc.,  R.  A.  17h.  5;3m.  51.Ss.  ;  N.  P.  D.=  113°  1'39.9''; 
18G0.0.     By  Edward  S.  IIoldex,  of  Washington,  D.  C. 

[AnSTIlACT.] 

Tins  abstract  of  the  original  paper^  is  presented,  as  that  paper 
consists  largel}'  of  tables  of  star  positions,  detailed  observations, 
etc.,  which  cannot  be  intelligently  followed  without  the  aid  of 
coi)ies  of  the  various  drawings,  which  are  not  now  at  hand.  It 
will  be  sufBcient  to  indicate  the  contents  of  the  various  sections  of 
the  paper,  and  to  summarize  the  results  obtained,  leaving  the  proofs 
of  the  results  here  set  down  to  be  gained  from  the  paper  in  full. 

iThc  full  paper  is  priutcd  in  Anier.  Jour.  Sci.  for  Dec,  1877. 
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The  first  section  deals  with  enrhi  oh<i('rv(itwns  of  the  )tebtila,  giving 
those  of  Messiku  (its  discoverer)  [17G4]  Sir  William  IIkkschkl 
[1784-1811],  Sir  John  Hkksciiel  [1820-1833],  particuhirly  in  re- 
gard to  the  situation  of  the  remarkable  trii)le  star  Sh.  379  with 
respect  to  the  three  surrounding  nebulosities  A,"B,  C  (so  named 
by  Mason),  which  together  make  up  the  Trifid  Nebula  and  give  it 
its  name.  The  conclusion  reached  in  this  section,  which  rests  on 
the  most  positive  assertions  of  the  various  authorities,  several 
times  repeated,  is 

A,  ''From  1784  July  12,  to  1833,  this  triple  star  teas  centrally 
situated  between  the  three  nebulosities." 

The  next  section  details  the  observations  of  Mason  and  Smith 
[1839]  ;  thesearefoUowedbytlieobservationsof  Sir  John  IIekscuel 
at  the  Cape  of  Good  Hope  [1837],  and  those  of  Lassell  [18G2-4], 
Langlev  [1S6G],  Tkol'velot  [1874].  and  m3-self  [1874-1877]. 

The  position  of  the  nebulosity  A  relative  to  the  triple  star  is  the 
subject  of  the  next  section.  Here,  from  each  authority,  live  prop- 
ositions (so  to  say)  are  deduced,  and  these  are  subsequently  ar- 
ranged in  chronological  order  for  purposes  of  com[)arison.  The 
conclusion  from  these,  whicli  is  conceived  to  be  certain,  is 

B.  From  1839  to  1877  the  triple  star  icas  not  centrally  situated 
beticeen  the  three  nebulosities,  but  was  involved  in  A. 

In  the  next  section  we  have  General  Notes  on  the  brighter  portions 
of  the  Nebula.  The  brighter  portions  only  are  considered,  in  order 
to  avoid,  as  much  as  possible,  the  discrepancies  arising  from  differ- 
ences of  instrumental  power.  In  this  examination,  again,  it  was 
found  convenient  to  derive  a  series  of  propositions  (eleven  in  all) 
from  each  authority,  which  are  afterwards  collated  and  compared. 

From  these  we  find  many  marked  discrepancies,  most  of  which  are 
referred  to  simple  mistakes  of  drawing  or  description,  due  largely, 
no  doubt,  to  the  different  telescopes,  although  all  of  these  are  con- 
sistent with  the  conclusions  subse(iuentl3'  drawn.  However,  little 
or  no  weight  is  attached  to  most  of  them. 

One  case  however  we  may  cite.  The  northern  well  defined  edge 
of  nebulosit}'  C  in  the  J  R.  A.  —  7s.  is  placed  hy 

i  Herschel     in  J  u  z=  —  123". 

I  Mason  in  J  '}  nz  —  187" — (measured). 

{Lassell        in  J  ')  =  —    73" — (measured). 
Tkolvelot  in  J  d  —  —    60". 
IIoLDEN        in  J  o  =  —    &b" — (measured). 
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Mason  uikI  IIi.ics(;iikl  iigree  more  closely  tluui  the  above  figures 
taken  alone  would  imlicale.  Mason's  figures  too,  are  not  detived 
from  ilrawings  al(jne,  l)ut  depend  upcMi  the  fact  that  the  limit  of 
tlie  neiiulosity  has  a  Jo  about  the  mean  of  the  J')  of  two  stars 
whose  positions  wvre  fixed  by  Mason.  The  measures  of  Lassell 
anil  IIoLUEN  are  equally  definite.  The  conclusion  here  is,  and  it 
is  supported  by  various  circumstances  detailed  in  the  original  [)aper, 
that  the  nebulosity  which  Mason  placed  in  one  position  is  now  over 
r  30"  of  arc  north  of  that  position.  This  conclusion  rests,  almost 
entirely,  on  micrometric  measures.  In  another  case  the  space 
(A')  which  j)recedes  the  triple  star  about  7s.  and  which  lies  between 
the  parallels  J')  =  0"  and  Jo  =  —  38"  is  according  to 

Hekschel  :  about  the  brightest  portion  of  the  nebula  and  con- 
tinuous with  B. 

Mason  :  nearl}'  equal  to  the  brightest  portion  of  the  nebula  and 
continuous  with  B. 

Lassell  :  totally  free  of  nebulosity. 

TuoLVELOT  :   pretty  bright  and  part  of  B. 

IIoLDEN  :  bright,  but  separated  from  B  by  a  faint  channel  (too 
faint  for  Tkouvelot's  telescope  to  show  unless  under  good  circum- 
stances). 

Comparing  A  and  B  there  are  only  three  ways  to  reconcile  the 
opposing  facts. 

a.     The  triple  star  has  a  large  proper  motion. 

h.     The  nebula  A  has  a  large  proper  motion. 

c.     The  nebula  A  is  subject  to  decided  changes  of  brillianc}'. 

The  first  point  will  be  settled  by  meridian  observations  kindly 
undertaken  by  Prof.  Eastman,  U.  S.  Navy,  with  the  Washington 
Transit-Circle.  Equatorial  comparisons  with  neighboring  stars 
indicate  no  relative  motion  since  1839. 

If,  as  is  probable,  the  proper  motion  of  the  star  is  small,  there 
remain  two  alternatives  to  choose  between. 

These  inferences  A  and  B  rest  on  nndoubted  authorit}-,  and  they 
are  supported  only  by  evidence  where  no  doubtful  points  have 
arisen. 

It,  therefore,  appears  to  me  to  be  a  just  conclusion  that  the  evi- 
dence as  recorded  with  regard  to  this  nebula  indicates  marked  changes 
of  position  and  brilliancy  during  the  period  1784-1877. 

I  have,  in  my  own  mind,  no  doubt  that  the  evidence  as  recorded^ 
if  lliuroughly  examined  by  any  competent  person,  will  lead  to  the 
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same  conclusion.  The  examination  of  man}'  (lra\vin<j;s  of  nel)nlie 
has  however  led  me,  in  common  with  others,  to  the  conclusion  that 
too  great  care  cannot  be  exercised  in  interpreting  drawings  and 
observations  of  this  class.  The  principal  (piestion  is  as  to  the 
goodness  of  the  evidence  itself,  and  I  have  inquired  what  evi- 
dence must  be  rejected  if  we  are  to  suppose  the  nebula  to  have 
been  M7ichanged  between  1784  and  1877.  Inference  A  rests  mainly 
on  statements  of  Sir  John  Herschel,  which  could  not  possibly  have 
been  made  more  definite.     Inference  B  is  undoubtedly  correct. 

The  essential  evidence  with  regard  to  the  other  points  is  that  of 
Mason,  Lassell  (two  independcntdrawings)  and  my  own,  the  other 
drawings  being  corroborative  but  not  essenfkd.  I  am  satisfied  that 
Mason's  work  is  correct.  Lassell's  two  drawings  (by  two  differ- 
ent hands  at  different  times)  agree  with  one  another,  and  at  any 
rate  no  series  of  drawings  deserves  more  weight  than  that  made 
by  Lassell  with  his  four-foot  telescope  at  Malta.  My  own  work, 
though  not  done  in  the  best  atmospheric  circumstances,  I  am  satis- 
fied is,  on  essential  points,  correct.  I  am,  therefore,  of  opinion 
that  the  conclusion  above  ought  to  stand  and  that  we  have  evi- 
dence of  change  in  this  nebula,  and  that  it  deserves  the  attention 
of  astronomers. 


Improvement  in  use  of  Reflecting  Goniometer.  By  Harvey 
W.  Wiley,  of  Lafayette,  Indiana. 

Many  chemists,  who  are  provided  with  the  ordinary  form  of  re- 
flecting goniometers,  do  not  have  their  students  use  it  on  account 
of  the  difficulty  of  adjusting  the  crystal.  To  remove  this  difficulty 
I  have  made  use  of  the  following  device  :   (Fig.  1). 

At  the  movable  axis,  E,  is  attached  a  piece  of  brass  plate  bent 
into  the  form  of  a  quarter  of  a  circle  E  D. 

To  the  central  part  of  the  axis,  C,  of  the  instrument,  a  fine  plati- 
num wire,  silk  fibre  or  hair,  is  attached.  This  is  fastened  to  the 
brass  strip  at  F,  and  by  means  of  an  adjusting  screw  can  be  brought 
exactly  into  the  prolongation  of  the  axis  of  the  goniometer. 
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The  cryslul  whose  an-le  is  to  be  ineasured  is  fastened  in  the 
usual  way  to  the  adjustin-  n.l  at  II,  and  the  cd-e  around  which 
the  measurement  is  U.  l.e  made,  is  brought  up  against  the  hair  hue 
and  the  adjustment  is  at  once  complete. 


Figure  1. 

By  this  simple  device  a  great  amount  of  time  and  trouble  is 
saved,  since  without  it  the  adjustment  of  the  crystal  can  on lybe 
made  by  repeated  trials,  and  it  is  then  often  the  result  of  accident. 

Another  attachment  which  I  have  made  to  the  Wallaston  Goni- 
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onictcr  is  ropn'seiitt'd  in  the  limnc.  A  cirnihir  piece  of  l)r:is.s 
slightly  hirger  tiiau  the  grachiatetl  disk  is  fastened  to  the  base  of 
the  instrument,  at  A.  Freely  movalile  around  this  is  (Ixed  a  sup- 
port, B,  for  the  eye  of  the  observer.  This  sui)port  can  be  tixed  at 
any  convenient  point,  by  a  set  screw.  The  eye  is  thus  ke[)t  steady 
during  the  i)rocess  of  measurement,  thus  avoiding  a  frecpient  source 
of  error.  In  case  the  crystal  is  very  sniall  this  supjiort  might  be 
made  to  carry  u  magnifier.  Many  non-reflecting  crystals  can  be 
worked  in  the  reflecting  goniometer  by  attaching  thin  scales  of 
mica  to  the  faces  lying  in  the  planes  of  the  angle.  A  finely'  var- 
nished surface  may  also  be  made  to  reflect  well  enough  for  pur- 
poses of  measurement.  Others  engaged  in  this  work  will  be  able 
to  devise  still  other  means  for  the  angular  measurement  of  non- 
reflecting  crystals. 

I  present  this  matter  to  the  section  chiefly  for  chemical  use. 
Mineralogists,  of  course,  in  the  final  measurement  of  angles,  resort 
to  far  more  delicate  methotls.  Students  in  synthetical  chemistry 
should  be  taught  to  measure  the  angles  of  cr^'stals  which  they  may 
make,  to  help  them  in  determining  the  system  to  which  they  belong. 

With  the  goniometer  arranged  as  suggested  in  this  paper,  stu- 
dents can  reach  very  satisfactory  results,  and  that  too  without 
consuming  a  great  deal  of  time. 


On  the  "Wave  length  op  the  Blue  line  of  the  Spectrum  of 
Indium.     By  T.  C.  Mendenhall,  of  Columbus,  Ohio. 

Ix  Watts's  Index  of  Spectra  the  wave-length  of  this  line  is 
given,  on  the  authority  of  Muller  as  4550,  and  on  the  authority  of 
Thalcn  as  4509,  the  unit  being  tenth-metres. 

An  examination  of  the  method  used  in  the  determination  threw 
some  doul)t  upon  the  result  of  Miiller,  and  the  following  examina- 
tion of  the  question  was  made  with  a  view  to  a  more  accurate 
determination,  which  seemed  to  be  desirable  where  so  great  a  dis- 
crepancy existed. 

Two  independent  methods  were  used,  the  first  being  the  meas- 
urement of  the  wave-length  directly  from  the  diffraction  spectrum 
of  the  element. 
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For  this  purpose  was  used  one  of  RiiUierfonrs  gratings  ruled 
upon  glass,  li:i\  ing  4.'i2U  lines  to  the  inch.  An  electric  spark  was 
passed  lietwcen  two  pieces  of  metallic  Indium  and  the  spectrum 
observed  I)}'  the  aid  of  a  spectrometer,  the  olijectives  of  whose 
collimator  and  telescope  had  an  aperture  of  one  and  a  half  inches. 
With  this  arrangcnuMit  it  was  easy  to  study  the  s|)ectra  up  to  the 
fourth  order.  A  number  of  measurements  made  upon  spectra  of 
the  first,  second  and  third  orders,  result  in  a  wave-length  of  4516. 

In  tl>e  second  method  a  prism  having  an  angle  of  0-4° — and 
being  about  two  inches  on  the  edge — was  used,  and  in  the  telescope 
a  micrometer  eye-piece,  a  division  on  the  head  of  the  screw  corres- 
ponding to  the  one  ten-thousandth  of  an  inch. 

Tiie  following  reference  lines — lying  near  the  blue  line  of  In- 
dium— were  selected,  and  tiieir  distances  from  a  fixed  point  taken 
in  divisions  of  the  micrometer  screw.  The  wave-lengths  are  from 
Watts's  Index : — 

Magnesium         .         .         .         .         .  5183 

Cadmium 4799 

Cadmium    ......  4677 

Cadmium        ......  4415 

Strontium 4607 

A  spectrum  curve  was  constructed,  having  for  its  ordinates  the 
wave-lengths  in  tenth-metres,  and  for  its  abscissas  divisions  of  the 
micrometer  screw. 

The  position  of  the  blue  line  of  Indium  was  determined  npou 
this  curve,  and  a  measurement  of  the  corresponding  ordinate  gave 
a  wave-length  of  4511. 

This  result  not  being  absolute,  but  based  on  determinations  of 
Other  wave-lengths,  1  am  convinced,  after  attaching  proper  weights 
to  the  observations,  that  the  most  probable  value  resulting  from 
these  observations  is  4515  tenth  metres. 

After  having  completed  the  above  determinations  I  learned  of 
another  measurement  made  within  a  year,  b}'^  Messrs.  Clayden  and 
Heycock,  in  which  the  wave-length  of  this  line  is  given  as  4510. 
(Phil.  Mag.  Nov.,  1876.) 

These  observations  were  mostly  made  and  the  curve  was  care- 
fully constructed,  by  a  student  in  my  laboratory,  Mr.  C.  C.  Howard, 
and  I  am  indebted  to  Prof.  S.  A.  Norton  for  the  specimens  of  In- 
dium used  in  the  work. 
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New  Quadruple  Objective  for  Astronomical  Telescopes.     B}' 
EuNST  GuNDLAcii,  of  Roi-licstcr,  N.  Y. 

The  dioptric  teloscopo,  tlie  constrnction  of  wiiicli  is  based  iijwn 
that  property  of  liglit  which  causes  it  to  change  its  direction,  in  a 
certain  pro[)ortion,  on  i)assing  from  one  medinni  into  another  of 
different  density  (for  instance,  from  air  into  glass),  consists  for 
this  reason  in  its  simplest  form,  of  two  glass  lenses  of  different 
foci  placed  in  relation  to  each  other,  at  the  distance  of  the  sum  of 
their  foci.  Such  an  instrument  would,  provided  the  lenses  had  the 
correct  and  appropriate  form  (the  hyperbolic),  greatly  exceed  the 
performance  of  the  best  telescopes  of  the  present  day,  if  the 
(white)  ray  of  light  were  a  simple  elementary  unit,  and  did  not 
consist,  as  is  known  to  be  the  case,  of  diflerent  elements,  each  of 
them  possessing  the  above  mentioned  power  of  refraction  in  a 
different  degree.  For  such  an  instrument  would,  in  such  a  case, 
not  only  be  free  from  optical  errors,  but  could  attain  within  a 
very  short  length,  and  with  full  strength  of  light  an  immense  mag- 
nifying power. 

The  construction  of  such  (accurately  hyporl)olic)  lenses,  although 
appearing  to  superficial  observation  suttieientl}-  simple,  has  however 
as  yet  not  been  accomplished.  Still  this  technical  difficulty  would, 
perhaps,  have  been  overcome  long  before  this,  if  the  perfection  of 
the  telescope  had  depended  thereon  exclusively,  and  if  the  exis- 
tence of  the  above  mentioned  property  of  light  did  not  in  a  still 
higher  degree  injuriously  affect  it  by  causing  the  so-called  chro- 
matic aberration,  without  the  simultaneous  removal  of  which  the 
construction  of  hyperbolic  lenses  would  have  been  of  little  con- 
sequence. 

The  improvement  of  the  telescope  had,  therefore,  in  the  first  in- 
stance, to  be  directed  towards  the  removal  of  the  principal  difficult^'', 
the  chromatic  aberration  ;  and  this  problem  of  Achromatism  was 
happily  solved  by  the  invention  of  the  combination  of  flint  and 
crown  glass,  by  which  the  construction  of  lenses,  almost  entirel3' 
free  from  the  fault  in  question,  was  made  possible. 

By  this  invention,  the  problem  of  the  construction  of  hyperbolic 
lenses  for  the  purpose  of  fin-ther  improvement  of  the  telescope 
would  have  attained  its  fullest  importance.  It  appeared,  however, 
that  in  this  new  combination  a  superior  means  had  also  been  ob- 
tained to  correct  the  errors  of  form  in  lenses  with  spherical  surfaces 
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(tlio  c'oiistniclion  of  wliiili  presents  no  didiculties),  so  far  as  to 
make  it  possible  to  use  suth  as  a  suljstitiite  for  lenses  of  hj'per- 
bolie  form. 

While  the  neutralization  of  the  .s;>//er/ooi  aberration  ean  be  at- 
tained principally  by  a  proper  form  of  the  combined  lenses,  the 
neutralization  of  the  chromatic  aberrations  depends  rather  on  the 
correct /oca/  relation  of  the  same.  As  a  means  had  been  found 
in  this  way  to  correct  both  al)errations,  the  question  now  arose, 
what  might  be  the  most  favorable  proportions  of  form  and  foci,  of 
the  two  lenses  forming  the  new  objective,  and  the  greatest  math- 
ematicians devoted  themselves  to  the  computation  of  the  radii  of 
curvature  according  to  which  the  lenses  should  be  ground  to  form 
as  perfect  an  oV)jective  as  possible. 

In  this  wa}'  originated  the  so-called  achromatic  double  o1»jective, 
and  to  Frauenhofer  especially  belongs  the  merit  of  having  brought 
it  to  a  high  degree  of  perfection. 

Valuable  as  this  double  quality  of  the  flint-glass  lens  to  correct 
hotli  aberrations  of  the  objective  at  the  same  time  may  appear  at 
the  first  glance,  on  the  other  hand,  on  further  examination,  an  im- 
portant disadvantage,  arising /ro7?i  this  very  circumstance,  hQcom^s 
api)arent. 

For  although  the  rectification  of  the  chromatic  aberration  is 
principally  conditioned  on  the  proper  focal  proportions  of  the  two 
lenses,  the  form  of  the  same,  especially  of  the  flint-glass  lens,  is 
by  no  means  unimportant  for  this  purpose,  for  it  is  rather  a  definite 
proportion  of  the  forms  of  the  two  lenses,  by  means  of  which, 
under  provision  of  correct  focal  relations,  the  most  perfect  correc- 
tion of  the  chromatic  aberration  becomes  possible. 

This  form,  especiall}'  of  the  flint-glass  lens,  however,  deviates 
considerably  from  that  which  would  be  the  best  for  the  correction 
of  the  spherical  aberration,  for  while  for  the  correction  of  the  chro- 
matic aberration  the  flint-glass  lens  should  ver}-  nearly  have  the 
form  equivalent  to  the  minimum  of  its  own  spherical  aberration, 
it  must  have  for  the  most  perfect  correction  of  the  spherical  aberra- 
tion, a  very  considerable  negative  spherical  aberration. 

This  form  of  the  flint-glass  lens,  the  best  to  annul  the  spherical 
aberration  will,  however,  with  correct  achromatism  of  the  zone 
lying  between  centre  and  rim,  chromaticall}'  ofe/'-correct  the  objec- 
tive progressively  toward  the  periphery,  and  »»cZe?'-correct  the 
same  progressively  toward  ihe  centre. 
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From  this  it  is  easy  to  see  that,  under  all  circumstances,  a  sub- 
stantial remnant  either  of  the  chromatic  or  the  spherical  aberra- 
tion, or  proportionally  smaller  remnants  of  both  aberrations  must 
remain  ;  for  the  one  can  onl}-  be  perfectl}'  neutralized  under  cir- 
cumstances conditional  of  a  certain  remnant  of  the  other. 

It  is,  therefore,  clear  that  with  an  olijective  consisting  of  a  crown 
and  flint-glass  lens,  the  correction  of  the  aberrations  cannot  pass 
a  certain  limit. 

This  extreme  limit,  corresponding  to  the  greatest  possible  per- 
fection of  the  objective,  will  certainly  be  then  obtained,  when  the 
unavoidable  minimum  remnants  of  both  aberrations  are  equal  so 
far  as  their  injurious  influences  are  concerned. ^ 

Therefore,  as  demonstrated  above,  a  further  reduction  of  both 
aberrations  in  a  double  objective,  is  impossible,  for  the  reason  that 
both  depend  on  the  same  factor^  and  a  passing  of  the  said  limit 
is  only  conceivable  in  case  the  correction  of  the  aberrations  is 
effected  by  separate  factors  independent  of  each  other.  The  flint- 
glass  lens  should  therefore  be  reserved  exclusivehj  to  its  own  legiti- 
mate purpose  of  correcting  the  chromatic  aberration,  without  refer- 
ence to  the  spherical  aberration,  and  the  latter  should  be  neutralized 
by  some  other  means,  independent  of  the  flint-glass  lens. 

It  will  be  readily  seen  that  in  the  finding  of  a  means,  which 

'If  we  should  admit  that  Frauenhofer's  objectives  were  not  perfectly  con-ected  to 
the  extreme  limit,  it  cannot  be  doubted,  notwithstanding-,  that  such  must  have  been  very 
nearly  the  case.  But  even  in  such  a  case,  the  improvements  made  since  Frauenhol'er, 
in  the  construction  of  double  objectives,  could  only  have  been  very  unimportant.  Oa 
the  other  hand,  if,  as  I  am  convinced,  Frauenhofer  very  well  knew  how  to  p:ive  his  ob- 
je;-tivc8  the  best  form  possible,  and  as,  so  far  as  my  knowledge  goes,  objectives  for 
telescopes  of  more  tlian  two  lenses  have  not  as  yet  been  successfully  constructed,  an 
actual  improvement  in  this  direction  cannot  be  said  to  have  been  made  since. 

Alodcrn  opticians,  however,  have  considerably  shortened  the  foci  of  their  objectives. 
It  may  be  assumed,  although  not  demonstrated,  that  these  shortenings  could  only  have 
been  made  possible  by  a  corresponding  reduction  of  the  aberrations,  for  without  the  lat- 
ter the  shortening  of  the  foci  cannot  be  called  an  improvement.  If,  therefore,  as  we 
haveju;t  seen,  the  neutralization  of  the  aberrations  is  only  possible  within  certain 
limits,  and  such  limits  have  already  been  reached  by  Frauenhofer  (if  not  altogether,  at 
Icart  very  nearly),  the  above  mentioned  reduction  of  the  aberrations  can  onl}'  have 
been  effected  by  an  improvement  in  the  material  (the  glass). 

As  this  latter  improvement,  wliich  has  tincloubtedly  taken  place,  is,  however,  limited 
almost  e.xchisively  to  a  greater  difference  of  the  power  of  dispersion  and  retraction, 
leaving  the  important  problem  of  the  removal  of  the  secondary  spectrum  stdl  unsolved, 
a  very  high  value  cannot  be  attributed  either  to  the  advantages  attained  thereby;  and 
I  believe,  therefore,  and  have  found  it  conflimed  by  occasional  observations,  that  mod- 
ern opticians  have  carried  their  shortening  of  the  foci  of  their  objectives  further  than 
serviceable  to  the  purpose,  iind  that  an  acttial  comparison  of  such  a  modern  telescope, 
nt  least  a  larger  one,  with  one  of  Frauenholer's,  would  result  in  favor  of  the  latter, 
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will  enable  us  to  correct  liHlepeiulentiy  tlie  sj)heiical  aberration. 
a  true  and  essential  improvement  of  the  telescope  will  be  attained, 
because  thereby  the  possibility  is  j;iven  for  lioth  aberrations  far  to 
transgress  the  above  mentioned  limit  of  coircction,  which  is  also 
the  limit  of  performance  of  the  objective. 

Such  a  means,  however,  or  rather  an  ol)jective  constructed  with 
this  view  and  on  this  principle,  is  the  purpose  of  this  article  to 
describe. 

The  first  question  is  :  In  what  way  must  the  double  objective 
be  altered  if  the  Hint-glass  lens  is  to  neutralize  as  perfectly  as 
possible  the  dispersion  of  colors  whhout  reference  to  the  .spherical 
abenrition  ? 

Let  us  presume  the  proportion  of  form  of  the  two  outer  surfaces 
A  and  B  of  the  double  objective  (Fig.  1)^  to  be  such,  that  the  rays 
coming  from  the  side  A,  parallel  to  the  optical  axis  suffer  the  mini- 
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mum  of  spherical  aberration  which  is  the  case  when  the  refraction 
which  the  ray  undergoes  at  the  surface  of  entrance  is  equal  in 
value  of  angle  and  in  direction  to  that  which  it  undergoes  at  the 
surface  of  exit.^ 

Now  in  this  case  the  form  of  the  flint-glass  lens/o?-  itself  alone 
deviates  considerably  from  the  above  mentioned  best  form,  as  even 
the  direction  of  the  refraction  for  both  surfaces  is  an  opposite  one, 
as  will  be  easily  seen  by  the  figure.  To  improve  the  form  of  the 
flint-glass  lens  in  such  a  wa}'  that  the  refraction  at  both  surfaces 
takes  place  not  only  in  the  same  direction  (diverging  from  the  axis) 
but  in  the  same  degree,  without  being  obliged  at  the  same  time  to 
alter  the  form  of  the  exterior  surfaces  (in  favor  of  the  spherical 

'  For  better  understanding,  the  radii  of  curvature  have  been  represented  in  this 
drawing  much  shorter  than  would  be  admissible  in  an  objective  for  a  telescope. 

•  Strictly  speaking  this  is  not  the  case  for  the  whole  extent  of  the  lens,  but  rather 
only  for  a  limiteil  distance  from  the  axis.  This  distance  is  for  a  lens  of  least  spherical 
aberration  a  trifle  larger  than  half  the  radius  of  the  lens. 
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aberration),  lot  us  suppose  the  flint-p;lass  lens  to  be  flexible,  the 
crown-glass  lens,  however,  to  be  in  a  fluid  state;  let  us  further 
presume  (for  the  purpose  of  preserving  the  outer  form  of  the  ob- 
jective), both  to  be  enclosed  in  a  vessel  of  a  corresponding  inner 
form,  so  that  the  outer  (convex)  surface  of  the  flint-glass  lens  fits 
close  to  the  inner  surface  B  of  such  vessel,  and  consider  the  rest 
of  the  space  to  be  filled  by  the  crown-glass  lens,  supposed  to  be 
in  a  fluid  state. 

Now  press  the  flint-glass  lens  from  the  middle  inward  (permit- 
ting a  corresponding  part  of  the  fluid  crown-glass  lens  to  pass  into 
the  open  space  resulting  from  such  bending)  so  far  that  exactly 
one-half  of  the  mass  of  the  (supposed  to  be  fluid)  crown-glass 
lens  has  passed  over  to  the  other  side  of  the  flint-glass  lens  ;  then 
this  latter  would  liave  the  desired  form  corresponding  to  the  least 
spherical  aberration,  as  will  be  readily  seen  from  figure  2. 

The  objective  altered  in  this  way,  consisting  of  two  positive 
crown-glass  lenses  of  equal  focal  value  and  one  double  concave 
flint-glass  lens,  fulfils  certainly  in  the  highest  degree,  all  the  con- 
ditions of  acliromatism,  for  the  over-correction  at  the  margin  as 
well  as  the  nnder-correclion  of  the  centre  are  completely  neutral- 
ized. But  instead  of  this,  the  spherical  aI)erration  is  at  its  maxi- 
nuiui.  In  other  words  (presuming  the  outer  surfaces  to  remain 
unaltered),  every  deviation  of  the  flint-glass  lens  from  this  form, 
Fig.  2,  would  include  a  corresponding  reduction  of  the  spherical 
aberration  (at  the  expense  of  achromatism). 

The  flint-glass  lens  of  the  double  objective  consequently  can 
onl}'  entirely  correct  the  chromatic  aberration  when  it  absolutely 
does  nothing  towards  correcting  the  spherical  aberration. 

If  we  now  suppose  the  crown-glass  lens  C,  Fig.  3,  while  retaining 
the  form  of  its  surfaces,  to  be  so  much  thickened,  that  without 
touching  or  cutting  the  surfaces,  a  concentric  spherical  cut  (from 
the  axis)  can  be  made  through  it,  in  such  a  way  that  the  outer 
one  of  the  two  parts  resulting  therefrom  forms  a  negative  (convex 
concave)  lens  (c,  c,  Fig.  3)  ;  we  then  have  again  in  the  other  part 
resulting  from  the  cut,  a  triple  combined  lens,  which  for  itself, 
that  is,  if  the  negative  crown-glass  lens  (c,  c,)  were  entirelj*  taken 
awa}',  would,  the  source  of  light  remaining  the  same,  cause  a  very 
considerable  spherical  aberration  at  the  newly  cut  surface.  This 
aberration,  or  rather  the  sum  of  the  aberrations  of  both  of  the 
outer  surfaces  of  this  triplet,  may,  however,  without  changing  the 
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foci  of  the  Ions,  be  considerably  reduced  by  bending  the  same  back 
in  the  middle  towards  A,  because  by  tliis  curvature  the  lens  is 
made  to  approach  that  form  which  corresponds  to  the  minimum  of 
spherical  aberration,  that  is,  in  which  the  refraction  at  the  surface 
of  entrance  is  equal  to  that  at  the  surface  of  exit. 

If  now,  this  deviation  of  the  triple  lens  from  the  best  form  is  so 
groat  {i.  e.,  the  radius  of  the  spherical  cut  just  sufficiently  short), 
so  that  the  part  of  spherical  aberration  capable  of  being  neutralized 
b}'  the  bending  is  equal  to  the  spherical  aberration  of  the  combined 
objective,  the  neutralization  of  which  is  the  object  sought,  then 
this  bending  back  will  be  just  sufficient  to  entirely  free  the  objective 
from  all  spherical  al)errati()U.  "NVitli  regard  to  the  aberrations  of 
the  higher  order,  however,  it  is  better  to  choose  for  the  cut  a  still 
shorter  radius  of  curvature,  and  to  carry  the  bending  back  only 
far  enough  to  neutralize  the  aberration  in  question,  during  which, 
however,  the  bending  of  the  flint-glass  lens,  to  reobtain  for  the 
latter  the  above  described  best  form,  must  be  eff"ected  in  a  corres- 
pondingly' lesser  degree. 

This  operation,  which  completes  the  new  objective,  is  represented 
in  Fig.  4. 

The  space  between  the  lenses  c,  c,  and  b  (Fig.  4),  resulting 
from  this  change  of  form,  will  then  represent  a  meniscus,  which,  if 
consisting  of  the  same  material  (crown  glass),  would  have  a  very 
long  focus,  whose  spherical  aberration,  however,  would  be  equal  to 
that  of  the  objective  out  of  which  it  is  cut. 

On  closer  examination  of  this  mode  of  neutralizing  the  spherical 
aberration,  it  appears  that  the  flint-glass  lens  of  the  double  objec- 
tive (Fig.  1)  has,  in  comparison  ■with  it,  a  little  the  advantage, 
on  account  of  its  greater  power  of  refraction,  especially  in  regard 
to  the  aberrations  of  the  higher  order.  But  this  inconsiderable 
advantage  is  abundantl}'  outweighed  by  the  circumstance,  that 
with  this  new  mode  a  very  large  margin  is  left  for  the  choice  of 
the  radius  of  curvature  of  the  cut,  whereby,  in  fact,  the  advantage 
of  a  much  higher  correction  of  the  spherical  aberration  may  be 
obtained  than  would  be  possible  in  a  double  objective,  even  if 
the  chromatic  over-correction  at  the  rim  were  entirely  left  out  of 
consideration. 

Considering  the  capacity  of  transmitting  light  of  this  quadruple 
objective,  it  must  theoretically  be  admitted  that  the  greater  number 
of  surfaces  must  cause  a  corresponding  loss  of  light.     By  cement- 
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ing,^  however,  the  lenses  which  join  each  other,  this  loss  may  be 
made  for  fonv  surfaces  infinitely  small.  At  tiie  other  four  surfaces, 
however,  a  somewhat  smaller  loss  of  light  takes  place  than  is  the 
case  at  the  four  surfaces  of  the  double  objective  when  this  is  not 
cemented,^  for  flint  glass  surfaces  cause  a  greater  loss  of  light  than 
crown-glass  surfaces,  and  the  four  free  sinfaces  of  the  quadruple 
objective  are  crown-glass  surfaces.  So  the  excess  in  loss  of  light 
of  the  quadruple  over  the  double  objective  reduces  itself,  strictly 
speaking,  to  that  part  which  is  caused  by  the  very  unimportant 
difference  in  refraction  between  the  crown  glass  and  the  medium 
used  for  cementing. 

On  the  other  hand  practical  experience  teaches  that  if,  by  the 
increase  of  the  number  of  lenses  in  any  optical  instrument,  any 
advantage  can  be  gained,  even  if  such  advantage  is  only  a  very 
slight  one,  the  loss  of  light  is  of  secondary  importance,  and  need 
not  be  considered.^ 

At  the  close  of  this  article,  may  it  be  permitted  to  me,  the 
author  thereof  and  inventor  of  the  objective  above  described,  to 
address  personally  a  few  words  relative  to  my  invention,  to  the 
rei)resentative  men  of  science  : 

I  have  already  calculated,  and  in  connection  with  Messrs. 
Bausch  &  Lomb  of  this  city,  constructed  an  objective  of  4J-  inch 
clear  aperture  and  fifty-two  inch  focal  distance,  of  the  above  de- 
scribed new  form. 

(Previous  thereto  I  had  alread^^  constructed  for  the  Centennial 
Exposition,  a  4  inch  objective,  which  however,  after  completing 
the  second  one  of  4^  inch,  and  the  important  practical  experi- 
ences gained  in  the  construction  of  the  latter,  I  consider  as  falling 
short  of  complete  success.) 

*  By  a  new  metliod  I  am  enabled  to  cement  even  the  largest  lenses  without  difficulty. 

'  A  double  objective  with  surfaces  not  joining  and  consequently  not  cemented,  is  on 
account  ol'  better  correction  of  the  aberrations,  to  be  preferred  to  a  cemented  one. 

«  How  much  have  tlie  strongly  magnifying  objectives  of  the  microscope,  naturally 
of  snch  Plight  capacity  of  transmitting  light,  been  Improved  by  the  increase  of  the 
number  of  lenses.  At  the  lime  when  it  was  thouglit  tliat  a  stronger  magnifying  power 
than  500  times  could  never  be  applied  to  practical  advantage  on  account  of  the  want  of 
light,  the  idea  of  constructing  an  objuctive  of  nine  to  ten  lenses,  with  one  twenty-fifth 
inch  focus  would  probably  have  been  laughed  at;  and  yet  the  image  produced  by  such 
an  objective  of  moilern  construction,  on  account  of  the  better  correction  of  the  aber- 
rations, and  the  greater  sharpness  of  definition  resulting  therefrom,  gives  the  impres- 
sion that  more  light  is  transmitted  than  by  a  one-fifth  inch  of  the  older  construction. 

In  the  face  of  snch  facts,  every  objection  against  the  application  of  more  than  two 
lenses  in  the  construction  of  Telescope-Objectives  may  be  considered  entirely  refuted. 
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I  believe  I  niny  conscientiously  assert  that  this  new  objective 
will  fully  justify  all  expectations  which  in}'  above  description  may 
have  caused  to  be  formed,  not  only  equalling  the  performance  of 
instruments  of  nnich  larger  dimensions,  and  of  the  best  quality, 
but  surpassing  them  in  freedom  from  color  and  in  clearness  and 
sharpness  of  definition.  The  impression  made  by  viewing  a  ter- 
restrial object  in  a  clear  and  quiet  atmosphere,  with  this  objective, 
is  indeed  a  surprising  one. 

Animated  by  the  desire  to  contribute  by  the  construction  of  im- 
proved instruments  a  small  share  towards  the  progress  of  science, 
I  shall  always  endeavor  to  conform  to  the  wishes  and  desires  of  its 
representatives,  and  thankfully  accept  their  kind  counsels,  advice 
and  imformation,  convinced  that  I  shall  succeed  in  meriting  the 
assistance  and  approbation  of  the  Scientific  World,  for  my  above 
described  invention  as  well  as  for  any  other  eflforts  in  similar  di- 
rections. 


CONTRIBnTIONS   TO   THE    PhYSICS    OF   THE    GCLF    OF    MEXICO,    AND 

ITS  Chief  Affluent,  the  Mississippi  River.     By  C.  G.  For- 

siiEY,  of  New  Orleans,  La. 

The  Gulf  of  Mexico. — This  huge  reservoir  of  water,  the  Cis- 
Atlantic  Mediterranean,  lies  conformably  along  the  entire  southern 
front  of  the  United  States  of  North  America,  presenting  a  vast 
semicircle  1000  miles  from  east  to  west,  and  600  miles  average 
width.  And  about  midwav'  of  this  curve,  the  Mississippi  river 
enters  it,  bringing  the  waters  of  twenty-three  states  and  larger 
territories.  Its  branches  from  the  east  and  from  the  west  spread 
out  and  have  breadth  of  IGOO  miles  in  longitude,  reaching  round, 
on  both  extremes,  the  shorter  tributaries  that  contribute  to  the 
groat  basin  of  the  Gulf. 

Boundary  and  Dimensions  of  the  Gulf. — The  Gulf  of  Mexico 
has  a  length  of  1000  miles  when  measured  from  the  peninsula  of 
Florida  to  Vera  Cruz  or  Tampico.      Its  breadth  at  the  neck  made 
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by  the  Delta  of  the  Mississij)pi  and  the  Yucatan  penin^nl:i.  S mth 
Pass  Month  to  Cape  Catoche,  is  535  miles;  and  its  greatest 
breadth,  from  Sabine  Bay  to  Lagnna  de  Terminos,  in  llie  lJ:iy  of 
Cani()eaehy,  is  fully  800  miles. 

DoL'NDAKY. — Its  most  northerly  extreme  may  be  tnki'ii  irom 
Mississippi  City  to  Santa  Rosa  Sound,  at  30°  25'  north  ;  its  most 
easterly  at  Cape  Sable  to  Cadenas  in  Cuba,  at  (Sl°  20'  west  longi- 
tude ;  its  most  southerly  point  is  at  the  mouth  of  the  CoaNaciialcos 
River,  at  18°  5' north  latitude,  and  its  most  westeily  extreme  is  at 
Altamira  in  ^lexico,  longitude  97°  40'  west.  This  gives  12'  2ii'  of 
latitu<le  and  1G°  20'  of  longitude. 

AuKA. — Its  area,  including  its  bays  proper,  is  000,000  sfpiare 
miles. 

Dkptiis. —  The  depth  of  the  Gulf  of  Mexico,  derived  fii  ni  all 
accessible  sources,  has  a  mean  of  820  fathoms,  or  about  41120  feet. 

A  mean  of  30  soundings  at  equal  distances  of  20  miles,  from 
Havana  to  South  Pass  of  theMississipi)i  River,  gives  1144  fathoms 
depth.  The  distance  is  600  miles.  And  from  Key  West  to 
Havana,  102  miles,  a  mean  of  10  soundings  gives  536  fatiioms, 
equal  to  3216  feet.  A  line  extending  from  Cape  Romano  to  Dry 
Tortugas,  S.  70°  west,  110  miles,  has  nowhere  more  than  20 
fathoms  ;  and  producing  the  line,  it  is  more  than  140  miles  before 
we  reach  the  100  fathom  depth.  The  shoals  widen,  northwest- 
ward to  Cedar  Keys,  where  thc\'  are  150  miles  wide  ;  antl  then 
contract  to  Appalachee  Bay,  where  the  100  fathom  line  is  GO  miles 
from  shore.  Most  of  the  distance  the  depth  is  less  than  20 
fathoms. 

Dkptms  from  shork  INWAKD. — To  form  a  correct  judgment  of 
the  nature  and  general  slope  of  the  basin,  and  its  conformities  to 
the  watershed  about  it,  we  will  draw  radii  to  the  curve  of  the 
Gulf  shore,  beginning  at  the  Straits  of  Florida. 

First,  the  line  bounding  the  Gulf  on  the  east  from  Ca[)e  Sable 
to  the  shores  off  Cardenas.  The  distance  is  about  120  miles  ;  and 
the  shoal  water  and  the  depth  on  the  reefs,  23  miles  out,  are  not 
more  than  5  fathoms  —  generally  from  1  to  2  fathoms.  This  line 
is  taken  due  south.  Thence  proceeding  up  the  coast,  the  line  from 
Cape  Romano  S.  40  E.,  and  measuring  the  depths  at  10,  20,  40, 
60,  80,  100,  120,  140,  160,  and  180  miles,  and  at  the  500  fathoms 
depth,  we  present  the  subjoined  results,  and  construct  the  follow- 
ing table : — 
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T^VBLE  OF  SLOPES  TAKEN   ON   LINES  NORMAL    TO    THE    CURVED    HOJNDARY, 

AND  ULNNINi;  HENEATII  THE  SURFACE.    THE  CIRVE  (KEl'KEBENTED 

ItY  THE  UOTTED  UNE)  CUTS  THE  DELTAS. 
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•  On  shore  in  alluvion.        t  Alluvion  projects. 
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The  above  table  shows  an  irregular  slopino:  of  the  Gulf  towards 
its  central  portions,  after  leaving  tiie  eoral  reefs,  or  cliffs,  at  85° 
west  longitude  ;  and  with  such  inclination  that  its  central  line 
of  deplii  runs  north  85°  west,  with  a  maximum  of  about  2000 
fathoms. 

From  the  Cuban  shore  out  to  sea,  it  deepens  very  rapidly, 
reaching  1000  fathoms  in  50  or  GO  miles  ;  but  towards  the  Florida 
straits,  it  shoals  up  to  about  800  fathoms  maximum  deptii  and  as 
above  remarked,  leaves  but  about  820  fathoms,  the  mean  depth  of 
the  straits.^ 

Vallky  in  the  Depths  of  the  Gulf. — The  bottom  of  the 
Gulf  of  Mexico  presents  a  very  remarkable  valley  of  nearl}'  uni- 
form depth.  This  plateau  is  about  150  miles  in  width,  and  740 
miles  in  length,  from  east  to  west;  and  thence  to  the  south  and 
west  we  have  no  soundings.  It  is  probable  that  it  extends  200 
miles  fartlier  in  the  direction  of  the  State  of  Vera  Cruz,  and  the 
Bay  of  Campeaehy. 

From  this  valley  there  is  an  enormous  projection  of  like  depth 
towards  Pensacola  and  Mobile  bays. 

This  depression  undoubtedly  extends  farther  westward,  per- 
haps to  Sabine  river;  but  is  invaded  by  the  contributions  of  the 
Mississippi  river,  and  filled  with  the  alluvial  deposits  brought 
down  by  that  torrent.  Tlie  lines  drawn  in  the  table  will  lend 
probability  to  the  hypothesis. 

It  is  the  mission  of  the  Mississippi  river  and  smaller  streams  to 
fill  the  Gulf  of  Mexico.  Already  they  have  elevated  above  the 
•water  surface  some  10,000  square  miles  of  alluvion,  measuring 
from  the  curve  of  the  Gulf,  as  indicated  by  the  uplands  round 
Lake  Pontchartrain,  and  the  continuation  of  the  same  to  the  Ver- 
milion and  Calcasieu  bays.  It  has  spread  out  to  the  south  and 
westward,  on  the  bottom  of  the  Gulf  an  area  of  alluvion,  similar 
in  character,  quality,  and  perhaps  vastl}-  greater  extent.  The 
soundings  and  the  kind  of  bottom  indicate  it.  The  prevailing 
winds,  during  the  season  of  high  water,  are  from  east  and  south- 
east ;  and  the  current  of  the  river  is  southward  and  southwest- 
ward.     The  shore  limits  the  flow  westward  of  the  mouths,  and 

1  It  is  instructive  and  interesting  to  notice  the  extensive  flat  that  projects  for  400 
miles  of  the  circuit  from  Cape  Romano  to  Appahichee  Bay,  and  beyond.  Tliis  is  again 
projected  in  front  of  the  West  Louisiana,  and  East  Texas  Coasts,  for  a  distance  of  300 
miles  of  the  shore  line.  A  curve  line,  traced  in  the  table,  shows  the  ordinates  of  meas- 
urement for  these  flats. 
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llii'  tiiiTcnt  t:ikcs  its  only  coiiiso  and  flows  soiitliwcstwanl.  The 
(Jiilf  has  filled,  and  will  fill  in  that  direction  in  futnre  time, 
l)et'anse  the  fresh  water  floats  on  the  surface,  and  <iradnally  drops 
the  sediment  it  contiihntes  into  the  depths  of  the  Gulf. 

This  enormous  valley,  from  2  to  2.2i>  miles  in  depth,  is  so  capa- 
cious that,  supposing  the  Misgissippi  river  to  have  eroded  its 
valk'}'  front  half  a  mile  of  average  elevation,  from  the  heights  of 
the  Alleghanies,  and  cast  tlie  contents  into  the  sulimerged  valley 
at  the  foot,  it  would  scarce  show  more  than  is  now  manifest  from 
its  [)resent  topograpljy.  And  as  a  careful  cominitation  of  the 
elevation  of  the  Mississippi  valley,  at  the  present  epoch  in  its 
geological  histor}',  shows  it  to  be  1318  feet  of  mean  height,  above 
the  level  of  the  sea ;  if  all  its  valley  were  to  be  denuded  down 
to  tide-level,  over  its  1,317,000  square  miles,  carried  forward 
and  spread  over  the  bottom  of  the  Gulf,  it  would  still  leave  the 
Gulf  one-half  its  present  capacity,  or  218G  feet  in  depth.  Such 
is  the  vastness  of  this  great  submerged  valley, — such  its  profound 
abyss. 

A  Geological  Suggestion. — The  depths  are  very  irregular, 
and  vary  from  0  at  the  shore,  to  12,150  feet,  zzz  2.26  miles.  In 
some  places  west  of  the  Florida  coast,  some  100  miles  distant,  the 
basin  slope  becomes  very  precipitous,  there  being  ajagged  or  very 
broken  cliff,  for  150  or  more  miles.  The  coral  reefs  are  supposed 
to  prevail,  and  present  the  form  of  this  cliff.  They  are  probably 
based  npon  the  super-tertiaiy  or  tertiary  bluffs,  which  make  the 
100  miles  of  plateau,  thence  to  and  upon  the  shores  of  Florida 
and  Alabama. 

Contents. — The  cubic  contents  of  the  Gulf  are  computed  at 
85,040,271,300,000,000,-  or  85  quadrillions  of  cubic  feet;  more 
than  3.15  quadrillions  cubic  yards.  This  gives  but  a  vague  idea 
of  quantity,  and  will  be  illustrated  liy  measuring  its  contents  in 
yearly  contributions  of  its  chief  tributary. 

The  Drainage  of  the  Mississippi. — This  affluent  pours  in 
annuall}'  a  measured  quantit}- of  21.3  trillions  of  cubic  feet.  This 
quantity,  divided  into  the  contents  of  the  basin,  shows  that  it 
would  require  4000  3cars  to  fill  it  from  the  Mississippi  alone. 

-  Assuming  the  depths  at  820  fatlioms,  or  4!>20  feet  average,  we  are  enableil  tocompute 
the  contents,  and  treat  ol"  its  movements.  The  area  of  the  Gulf  amounts  to  (iOO.OOO 
equare  miles;  nearly  equal  to  onc-balf  of  the  valley  of  the  Miss^issippi  Iliver,  and  of  a 
depth  as  above 
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General  Drainage  into  Gilk. — For  conveiiicMico  of  yoo- 
graphic  c-ompaiison,  of  the  ditfeieut  valleys,  1  subuiit  the  follow- 
ing table  :^ — 

Upper  ftlis8is6ippi  Valley Ki'.i.dOO 

Missouri  Valley nis.ooo 

Ohio  Valley 'JU.OoO 

St.  Francis  Valley 1"  ■''*' 

Arkansas  Valley ]8'.),000 

lied  River  Valley S't-lfO 

EAST  OF  THE  MISSISSIPPI. 

Withlacoochec.  Sewanee  ami  Aiipalacliicola 4;),-200 

Choctawhatcliee  and  Kscambia         IC.SUO 

Mobile  (Alabama  ami  Tonibifibee) 3S,1J0 

rascagoula,  Well"  Uiver  and  Biloxi ]0,20i» 

Pearl  River WASO 

Chefuncla,  Tangiapalio  and  Amite ■t>800 

WEST  OF  THE  MISSISSIPPI  IN  U.  S. 

Sabine  and  Neches 20,(.0<) 

Trinity  anil  San  Jacinto 2.',.:!00 

Erases  and  San  Bernardo 3(;,7iO 

Colorado  and  Lavacca       10,410 

San  Antonio  and  Guadalupe 17,<150 

Nueces S.'J.StO 

Petronelles.  San  Fernando  and  Gertrudes 10.1:I0 

Rio  Grande        •     ■     -, 257.900 

The  drainage  into  the  Gulf  of  Mexico,  recomputed,  produces 
the  subjoined  result : 

The  Valley  of  the  Mississippi 1,317,700 

The  Water  Shed,  east 12.!,200 

The  Water  Shed,  west  to  Rio  Grande 152,8;}0 

The  Rio  Grande  Valley        257,900 

Mexico,  Guatemala  and  Yucatau 310,200 

2,161,830    Sq.  m. 

'  Some  of  these  areas  arc  taken  as  found  from  Humphrey  and  Abbott's  '•  Phys- 
ics and  Hydraulics  of  the  Mississippi  River;"  but  much  of  their  work  has  been 
recomputed,— all  indeed  ;  but  changes  that  are  unimportant  arc  not  made.  The  area  of 
the  whole  valley  of  the  Mississippi  river  has  been  changeil,  because  the  surveys  of  the 
l.'ist  sixteen  years  have  been  added,  and  corrections  made  that  are  material.  I  have 
included  the  Red  river  in  the  Mississippi  Valley,  because  I  saw  no  reason  for  oxcludnig 
it,  that  would  not  apply  to  any  other  river. 
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TIio  (li:iiii:iij;o  into  tlio  Gulf  comos  fiom  2,1C1.H30  square  miles, 
or  Wl.i.OOO  s(|u:ue  uiilcs  in  juMitiou  to  the  vullc^'  of  the  Missis- 
sippi. (  M"  liiis  :ii!i()iinl  123,200  square  miles  arc  from  east  of  the 
Mississip|)i,  :uiil  drain  fifty  per  cent,  of  its  rainfixll  of  o4  inclies, 
which  adds  9.0  trilli«)ns  cul)ie  feet  to  the  hasin.  Of  the  remaining 
(843,000—123,200-)  720,000  square  miles,  there  lies  east  of  the 
"Dry  Line,"  of  lon<j;itude  97'  west,  in  Louisiana  and  Texas,  about 
57,000  .square  miles  that  pertains  to  the  humid  region,  and  receives 
upon  il  fully  42  inches  of  rain  ;  and,  moreover,  discharges  nearly 
half  of  its  humidity  hack  into  the  Gulf.  "We  ma}-,  therefore,  com- 
pute it  at  20  inches,  or  a  total  of  2.173  trillions  cubic  feet  of  water 
dischaiged  into  the  Gulf  annually. 

But  there  still  remains  an  area  of  GG3,000  square  miles,  embrac- 
ing the  two  dry  lands  of  the  Rio  Grande  vallej',  the  upper  Brasos, 
Colorado  and  Nueces  ;  and  the  entire  area  of  Mexico  and  Guate- 
mala, embraced  in  the  watershed.  ]Most  of  this  region  approxi- 
mates to  desert,  and  drains  but  little  of  its  water  into  the  Gulf. 
We  have  observations  from  onl}-  ten  stations  in  this  area  and 
these  are  nearly  all  in  the  valley  of  the  Rio  Grande  and  upper 
Colorado.  These  give  a  mean  of  17.3  inches  for  the  rainfall. 
It  is  a  large  average  ;  but  in  the  absence  of  other  information  we 
will  adopt  these  figures.  And  as  all  the  watershed  not  embraced 
in  the  Rio  Grande  valley  has  but  short  distances  fc;r  the  flow  of  the 
waters  discharged,  we  will  suppose  that  half  the  water  which  falls 
reaches  the  Gulf.  But  the  valley  of  the  Rio  Grande  has  an  area  of 
257,900  square  miles,  and  has  a  long  distance  through  desert  coun- 
try, of  great  heat  and  barrenness,  to  travel ;  and  the  upper  Brasos, 
Colorado  and  Nueces,  have  liUe  aridity,  with  about  96,000  square 
miles.  We  will  estimate  their  discharge  at  about  10  per  cent,  of 
the  whole  rainfall, — assumed  at  18  inches;  or  that  1.8  inches 
reaches  the  Gulf.  This  when  computed  amounts  to  1.5,  or  one 
and  a  half  trillions  of  cubic  feet;  while,  of  that  discharged  on 
^lexico,  alike  small  in  qnantit\',  or  only  18  inches,  one-fourth  is 
drained  into  the  Gulf,  or  4.5  inches.  This  area  is  310,000  square 
miles;  its  drainage  amounts  to  6.3  trillions  of  cubic  feet.  We 
have  then  the  drainage  of  the  entire  watershed,  which,  in  tabular 
form,  stands  thus: 
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BASIN  AREA  AND 
DISCHAKOE. 

YEAR- 
RAIN. 

RA-  I     nis- 

TIO    '  CH'GE. 

1 

Sq.Miles. 

Quant. 
Bills. 

IncU. 

Mean 
per 
Sec. 

I.JIT.GOO 

■2l.:?00 

30.4 

o.'jr)    oT.'i.ooo 

123.200 

9.610 

54 

coo     305.000 

Dniinage  West  ofMississippi  Valley  to  Ion.  97°. 

57.0C0 

2.17.5 

42 

O-.-iO 

70.000 

Diaiiiiige  of  West  Texas  and  Rio  Grande 

\    97.000 
}  257.000 

1.491 

18 

0.10 

30.000 

310.001) 

3.17(1 

18 

0.25 

200.000 

2.161.890  1    .^7.7SO.non.n(i0.nnn  r.iiliip.  fpnf:. 

The  drainage  of  the  watershed  into  tlie  Gulf  amounts  to  37.78 
trillions  of  cubic  feet ;  while  the  Gulf  contents  amount  to  85  quad- 
rillions of  cubic  feet.  It  then  would  require  a  period  to  fill  the 
Gulf  from  its  watershed  alone,  equal  to  2,250  years  !  —  and  if  all 
the  water  which  falls  upon  the  watershed  were  returned  to  the 
Gulf,  it  would  fill  it  again  in  a  space  of  almost  900  years  ! ! 

Inlet  of  the  Gulf. —  The  Gulf  of  Mexico  receives  into  its 
basin  onl}-  about  ^^^  of  its  contents,  annually,  from  the  rivers 
which  discharge  their  waters  into  the  reservoir. 

But  it  receives  a  current  from  the  Caribbean  Sea  105  miles  wide 
—  554,400  feet;  and  560  fathoms,  or  3300  foot  mean  depth,  and 
running  at  the  surface  rate,  about  1.8  miles  per  hour.  This  cur- 
rent enters  on  the  southeast  side  of  the  Gulf,  east  of  midway, 
having  Cape  San  Antonio,  off  the  west  side  of  the  Isle  of  Cuba, 
on  the  east ;  and  Contoy  Island  off  the  coast  of  Campeachy,  on 
its  west  side.  These  two  then  —  the  drainage  of  its  watershed, 
and  the  Straits  of  Yucatan  —  are  its  sources  of  suppl}'. 

Outlet  of  the  Gulf. — The  two  drafts  upon  the  basin  are 
the  Gulf-stream  outlet  through  the  Straits  of  Florida,  and  the 
evMporation  that  supplies  the  watershed  of  the  Gulf,  and  all  of 
the  northern,  and  part  of  the  eastern  portion  of  North  America. 

This  portion  of  the  Gulf  which  borders  the  Florida  straits  con- 
tinues to  contract  until  far  beyond  the  limit  assigned  the  Gulf. 
It  divides  in  twain,  and  the  Nicholas  channel  goes  off  around 
Nassau,  and  the  Great  Bahamas,  to  the  south  and  east :  and  it 
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l)cnrs  off  its  share  of  the  waters  of  the  Gulf.  The  process  of 
wannini;  wliicli  the  waters  have  experienced  in  tlie  Gulf  and  Car- 
ihhean,  starts  the  flow  with  2.5  miles  current  along  the  Atlantic 
shore  ;  and  the  waters  around  the  Hahamas,  thoiij^h  not  so\mded, 
must  account  for  the  want  of  halancc  shown  between  the  inlet  and 
outli't  of  the  liasin.  Tiie  contraction  continues  until  the  Gulf- 
stream  has  turned  the  eastern  slope  of  the  Florida  Ueefs,  and  until 
the  measured  width  is  only  47  miles ;  say  from  Cape  Florida  to 
(Juu-C'ay  Lij^ht. 

At  this  narrowest  necU,  the  stnindingsgive  a  cross-section  of  only 
300  fathoms,  =  1800  feet  depth  ;  and  the  current  a  velocity  of  two 
and  a  half  miles  per  hour.  This  would  l)e  the  true  adjutatre,  but 
for  the  partition  the  stream  exi)eriences,  at  the  Nicholas  Channel. 

The  Physics  of  the  Waters  of  the  Gulf.  —  It  is  interesting 
to  the  physicist  to  observe  the  nearness  to  a  balance  in  the  cross- 
sections  of  inlet  and  outlet,  and  the  probable  method  of  account- 
ing for  the  difference. 

If  the  whole  depth  should  be  occupied  in  filling  it,  across  the 
Campeachy  Straits  at  the  rate  observed,  it  would  require  about 
203  days,  with  the  surface  velocity,  to  complete  the  filling ;  and 
the  discharge  through  the  Straits  of  Florida  would,  in  like  manner, 
occu[)y  214  days  in  discharging  the  Basin. 

The  difference  of  8  days  delivery  would  have  to  be  imputed  to 
evaporation. 

Evaporation  can  only  be  approximated  by  the  fall  of  rain  ;  and 
that  by  the  measured  discharge  into  the  Gulf,  through  the  rivers. 

The  Delta  Survey  estimates  the  annual  return  by  the  Mississippi 
River,  at  19.5  trillions  of  cubic  feet.  I  have  estimated  the  other 
rivers  as  adding  one-half  more  to  this  amount,  and  hence  name 
32,950  billions,  as  the  amount  of  cubic  feet  returned  to  the  Gulf. 

The  same  authority  estimates  the  rainfall  at  41.2  inches  per 
3'ear ;  and  a  mean  of  all  the  stations  of  the  Signal  Office  for 
1874  gives  40.3  inches.  We  ma}'  adopt  the  Delta  Survey,  as  a 
very  near  approximation.  The  total  drainage  into  the  Gulf  we 
liave  computed  at  37,780  billions  of  cubic  feet. 

But  the  area,  watered  l)}-  the  Gulf,  we  suppose  to  be  consider- 
ably larger  than  the  watershed  of  the  Gulf  of  Mexico,  Perhaps 
one-fourth  added  to  the  amount  we  have  thus  accounted  for,  and 
the  amount  assumed  will  reach  50  trillions  of  cubic  feet. 

Now  taking  the  estimate  of  Humphreys  and  Abbott,  that  one- 
fourth  the  rainfall  is  returned  on  the  surface,  and  accounted  for; 


BY  C.    G.    FORSHEV.  *  143 

then  wc  have  the  round  amount  of  200  trillions  of  cubic  feet  for 
the  evaporation  from  the  Gulf. 

This  estimate  will  be  but  about  f\^  part  of  the  contents  of  the 
Basin,  whereas  the  Campeachy  inlet  exceeds  the  outlet  by  2\  of 
its  contents. 

Such  is  calculation,  based  upon  the  best  measurements  we  have. 

Cold  Currents.  —  Let  us  now  make  some  estimates  only  upon 
plausible  reasoning  of  the  probable  currents,  due  to  temperatures 
at  great  depths. 

We  have  the  authority  of  Wyville  Thompson,  in  his  ever  to  ho 
remembered  deep  sea  explorations  on  board  the  Challenger,  for 
placing  all  the  temperatures  of  500  -f-  fivthoms,  at  from  40°  to  33" 
of  Fahrenheit.  We  have  no  deep  sea  temperatures  from  the  Gulf 
but  the  summer  and  surface  temperatures.  At  Key  West,  for  ex- 
ample, these  are  about  83°  to  85°,  and  86°  is  the  maximum  temper- 
ature of  the  Gulf-stream. 

From  the  velocity  of  the  currents  observed  upon  the  smface, 
and  which  I  have  taken  from  actual  observations,  it  is  highlv 
probable  that  the  movement  is  confined  to  the  upper  portions  of 
this  volume,  and  that  the  lower  depths  are  either  undisturbed,  or 
only  secnlarbj  changed. 

Recognizing  the  higii  temperatures  of  the  tropics,  from  which  the 
Campeachy  Straits  derives  her  waters  ;  and  also  recognizing  the 
trade  winds  as  heaping  up  the  waters  on  the  western  shore, — 
the  exit  through  the  Florida  Straits  is  a  necessity.  The  circulation 
observed  is  amply  accounted  for. 

Supposing  these  currents  to  descend  to  only  half  the  waters  in 
the  inlet  and  outlet;  and  which  is  highly  probable,  the  wind's 
influence  at  the  surface,  to  give  to  the  velocity  an  abnormal  rate, 
which  does  not  descend  far  into  the  depths,  and  we  shall  have  to 
divide  by  four,  the  observed  rate,  and  multiply  the  cross-section 
by  .45  instead  of  1.8  miles  per  hour.  And  our  accumulation  of 
excess  in  the  inlet  over  the  outlet  of  the  Gulf  will  be  reduced  to 
■j^xs^^'  one  per  cent,  yearly,  of  the  whole  Gulf.    . 

This  would  appear  a  huge  amount  of  water,  when  contemplated 
in  one  vast  volume ;  but  when  we  reflect  upon  the  duty  the  stu- 
pendous system  of  irrigation  has  to  perform,  the  watering  of  a 
whole  continent,  the  fertilizing  and  clothing  with  foliage,  and 
blossom  and  grain,  such  as  the  earth  elsewhere  never  saw,  we  shall 
cease  to  wonder  at  the  quantity,  and  only  remain  impressed 
with  the  grandeur  and  beneficence  of  nature's  processes. 
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Hero,  iiidoed,  "  Tlicre  went  np  ;i  mist,"  from  tlic  sea,  "  and 
wah'itMl  all  the  earth." 

Process  of  Ukclamation. —  Tiie  ulliivial  invasion  of  the  Gnlf, 
the  footsteps  of  tiie  Mississippi  as  it  enc-ioaohes  njjon  the  northern 
border  of  the  basin,  is  obvions  on  the  niap  to  the  eye  of  all,  and 
cspeciall}'  to  those  who  reflect  npon  cause  and  etfect,  and  inspect 
ihe  map  of  the  country.  The  amounts  and  rate  contributed  by 
this  largest  affluent  are  measured  approximately,  and  shown  by 
the  Delta  Survey  of  Humphreys  and  Al)bot.  The  distribution  of 
the  amounts  contributed  b}'  the  various  streams,  beneath  tlie  waters 
of  the  Gulf,  is  determined  by  the  soundings  of  the  Coast  Survey. 
These  results  are  before  me. 

Precipitation  and  Drift  ^Iatter. — Tlie  alluvial  matter  carried 
forward  in  solution,  and  precipitated  upon  the  bottom,  by  careful 
measurement  continued  two  years,  daily,  in  all  portions  of  the 
river  and  at  all  depths,  amounts  to  a  solid  block  of  one  mile 
square,  and  241  feet  high. 

If  the  amount  drifted  forward  on  the  bottom  of  the  river  ascer- 
tained just  as  persistently  for  the  two  j'cars'  observations  to  be 
enormous  in  bulk,  but  immeasurable  in  quantity-,  be  estimated,  as  I 
have  assumed,  at  three  times  the  amount  in  suspension,  then  the 
whole  quantit}'  contributed  b}'  the  river  to  the  Gulf  would  raise 
the  column  723  feet. 

As  the  Gulf  area  has  been  computed  at  600,000  square  miles, 
and  its  average  depth  at  820  fathoms  or  4920  feet,  it  will  require 
the  whole  Mississippi's  contributions,  a  period  of  seven  years  to 
build  one  column  to  the  surface  ;  and  to  fill  the  Gulf  with  sedi- 
mentary matter  a  period  of  4,200,000  years. 

The  process  of  reclamation  then  is  the  addition  to  the  emerged 
land  of  the  coast,  a  share  of  this  matter  j-early  as  the  centuries  pro- 
gress, by  precipitation  in  part  and  by  drift  matter  in  part,  which,  on 
its  delivery  to  the  Gulf  winds,  waves  and  tides,  is  distributed  along 
the  shores  and  over  the  bottom  in  consecutive  lamina  or  strata. 

Former  Boundary  of  the  Gulf.  —  Independent  of  theory,  it 
is  obvious  that  the  Lake  Pontchartrain,  Barataria.  Atcliafalaya, 
Cote  Blanche  and  Vermilion  Bays,  were  lecentlN'  portions  of  the 
Gulf  of  Mexico;  and  that  these  are  now  being  filled  b}'  the  river 
deposits  and  reclaimed  from  the  sea,  just  as  the  areas  between 
them  have  been  filled. 

The  boundary  of  the  recent  Gulf  must  be  traced  around  them  to 
appreciate  the  footsteps  of  this  invasion.     The  line  to  be  symmetri- 
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cal  and  restore  the  olden  curve  of  the  Gulf  as  indicated  along  the 
Mississi|)[)i  Sound,  east  of  the  Delta,  and  along  the  Calcasieu  Coast 
west  of  the  Delta,  would  embrace  7G00  square  miles  of  land  and 
marsh,  nearly  all  now  above  water.  The  ui)land,  manifestly  not  allu- 
vion, lies  immediately  north  of  this  line  and  warrants  the  hypothesis. 

The  ten  fathom  line  as  sounded  in  the  Gulf,  connected  from  off 
Ship  Island  to  the  west  and  front  of  Vermilion  Bay,  would  pass 
through  New  Orleans,  at  lat.  30°  north.  Now  it  sweeps  down 
around  the  mouths  of  the  Mississippi  River,  below  lat.  28°  50',  and 
returns  some  20  miles  in  front  of  the  Barataria  Ba}' ;  then  it  takes 
another  sweep  southward,  in  front  of  the  Timbalier  and  Caillou 
Bays,  reaching  near  half  a  degree  farther  south  than  in  its  river 
sweep,  and  returns  again  west  of  the  Vermilion  Bay,  near  the  Cal- 
casieu. Again  it  sweeps  southward  in  front  of  the  Sabine  River, 
and  returns  on  the  west  of  Galveston  Bay.  Its  first  curve  south 
is  near  50  miles  at  sea,  and  the  next,  that  in  front  of  Sabine,  is 
more  than  70  miles  from  shore.  As  we  shall  see,  the  broad  plateau, 
spread  out  in  this  last  extension,  is  continued  under  water  an  in- 
definite distance,  some  150  miles,  before  we  are  warranted  in  giving 
a  limit  to  the  alluvion. 

In  fact,  the  prevailing  winds  of  spring  and  summer,  when  the 
floods  of  the  Mississippi  River  are  prevailing,  are  from  the  south- 
east, and  drive  the  waters  which  are  lightest  and  lie  upon  the  sur- 
face, from  the  Atchafalayaand  the  river  proper  for  a  long  distance, 
even  40  or  50  miles  in  this  direction. 

The  limit  of  the  alluvion  may  be  inferred  from  the  samples  of 
bottom  dredged  up  in  the  Coast  Survey'.  The  white  and  yellow 
sand  are  contributions  from  the  drift-beds,  and  the  orange  sand  of 
Mississippi  and  Alabama,  which  have  their  outcrop  in  front  and 
east  of  the  Mississippi  Sound.  These  near  shore  have  not  suffered 
submersion  from  the  river's  contributions.  Farther  out  from  shore 
the}'  mingle  somewhat  until  they  are  both  lost  in  the  depths  of  the 
Gulf.  On  the  west  they  are  nowhere  so  clearly  of  an  original 
formation.  The  alluvion  seems  to  prevail  all  the  wa}-  to  the  front 
of  Galveston  Bay.* 

*  The  enormous  projection  of  alluvion  in  fi-ont  of  Caillou  Bay  and  Last  Island  shows 
that  the  river's  mouth  discharged  there  for  thousands  of  years  before  it  adopted  the 
present  mouths  and  cliannel's.  Indeed  Its  present  ddboucliure,  moved  a  little  west- 
ward, xvill  have  to  continue  many  tliousands  of  years  to  bring  up  the  Barataria  region 
and  the  Delta  submerged,  to  the  general  curve  shown  in  the  ten  fathom  soundings  west 
of  Vermilion  Bay. 
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Cliikknts  in  tiik  (Jui.f. — So  vast  a  body  of  water  would  re- 
quire some  enormous  motive  power  to  stir  tlie  whole  volume. 
Notliiug  short  of  gravitation,  or  the  heating  power  of  a  tropical 
belt,  couUl  move  it.  Gravitation  would  long  since  have  restored 
the  eqiiilibrium  and  put  the  waters  at  rest,  had  the  tilted  basin  in 
some  remote  period  disturbed  its  level.  To  the  thermal  influences 
alone,  then,  can  we  impute  any  movement  that  may  disturb  so  vast 
a  volume.  In  fact  the  body  of  the  waters  is  not  disturbed,  except 
in  secular  manner  in  oltedience  to  the  law  of  distribution  of  heat 
in  a  fluid  that  is  inexpansible. 

The  inlet  and  the  outlet  of  the  Gulf,  the  Yucatan  and  Florida 
Straits,  are  both  on  the  same,  southeast,  side  of  the  basin,  and  not 
more  than  300  miles  apart.  The  current,  if  established,  would  hug 
the  coast  of  Cuba,  taking  the  shortest  route  between  the  two  aper- 
tures, thus  leaving  undisturl)ed  the  main  body  of  the  basin.  No 
current  is  known  to  mariners  or  to  science  that  would  account  for 
the  Gulf  Stream.  A  short  distance  onl}'  from  the  two  openings, 
perhaps  50  or  60  miles,  is  the  influence  felt. 

Such  is  the  result  of  theory  based  upon  approximate  research 
and  experiment  of  both  Army  and  Coast  Survey,  for  forty  years.^ 
There  is  no  stream  in  the  Gulf. 

*  The  researches  for  these  and  other  purposes,  instituted  by  the  U.  S.  Government, 
have  been  numerous  and  elaborate: 

In  the  year  ISSS,  Capt.  Talcott  of  the  Topographical  Engineers,  made  a  thorough 
and  elaborate  survey  about  the  mouths  and  passes  of  the  Mississippi  River.  His 
assistant  Geo.  R.  Meade,  since  Gen.  Meade,  reports  that  for  seven  miles  out  from  the 
bar  at  the  Snulhwest  Pass,  careful  observations  were  made  •'  under  all  circumstances 
of  wind  and  tide,  and  such  currents,"  meaning  a  littoral  current,"'  were  never  found." 

Subjoined  is  a  table  of  Maury's  Track-charts  of  100  voyages  in  the  Gulf,  embracing 
all  the  observations  within  80  miles  of  the  mouths  of  the  Mississippi,  showing  the  loca- 
tion of  all  the  currents  experienceil  in  these  voyages.  This  table  seems  to  prove  the 
absence  of  any  permanent  current. 

The  recent  alleg;ition  of  a  "littoral  current"  off  the  mouths  of  the  Mississippi,  and 
near  enough  to  affect  the  deposits  near  the  works  there,  has  caused  a  careful  collation 
of  evidence. 

Four  different  operations  of  the  Coast  Survey,  18o2,  19-2,  187.3.  and  1877,  are  in  evi- 
dence. Capt.  Patterson.  Supt.,  says,  in  a  note  to  me  of  Feb.,  1874,  that  •'  no  such  cur- 
rent has  been  found."  meaning  a  littoral  current.  Though  the  search  has  not  been 
special  for  that  object. 

It  will  be  rcm.irkcd  that  these  observ.itions  extend  from  shore  outward,  100,200,300 
miles,  and  from  Key  West  to  the  Rio  Grande. 

The  Delta  -Survey  of  the  U.  S.  Engineers  in  1851  to  ISoi.  made  a  careful  survey  about 
the  mouths  and  bars  of  the  river  (per  Prof.  Forshey.  Assistant  Civil  Engineer),  in  ad- 
dition to  those  made  by  Ellet  in  1851,  on  the  Commission  for  the  Delta  Survey.  Xo  llt- 
tor.il  current  was  found. 

Col.  Stephen  Long.  U.  S.  Engineer,  made  surveys  for  the  works  of  Craig  &  Rightor 
in  18.5U-7.    Ue  found  no  littoral  current. 
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Again,  in  lsr)f>-00.  the  Delta  Survey  was  ie?unieil,  and  per  Mr.  Georpc  F.  Fuller.  Civil 
Assi^la^t.  inaite  elaborate  survej-s  for  i-un-euts  upon  the  bars  and  beyond  in  deep 
water,  with  like  result,  so  lar  as  to  ilnd  that  tlie  sliore  was  not  eroded  by  a  littoral  cur- 
rent. 

TABLE  SnOUlNG  THE  DIRECTIOX  AND  RATE  OF  CURRENTS  ABOUT 
THE  MOUTHS  OF  THE  yilSSlSSlPPl.—Constnictetl  from  MAURY. 


NO. 

LOCALITV. 

coimsE. 

MILKS. 
TLKHR. 

REMARKS, 

1 

70  miles  S.  E.  of  Chandeleurs 

N.  N.  W. 

.8 

2 

30  miles  E.  of  P.iss  a  I'Outre 

X.E. 

1.5 

3 

40  miles  S.  E.  of  South  Pass 

S. 

1.0 

4 

65  miles  S.  E.  of  South  Pass 

S. 

1.2 

All  but  one  within 

5 

40  miles  E.  S.  E.  of  South  Pass.. . 

N.  E. 

1.0 

SO  miles  of  mouth. 
Curve   described 

6 

12 miles  S.  W.  of  S.  W.  Pass.  ... 

\V.  N.  W. 

.5 

from  South  Pass. 

7 

■  78  miles  E.  of  Pass  a  I'Outre 

S.  E. 

.5 

8 

60  miles  E.  of  Pa?s  a  I'Outre 

S.  S.  E. 

.6 

0 

C5  miles  S.  E.  of  South  Pass 

S. 

.8 

10 

58  miles  W.  S.  W.  of  S.  W.  Pass. 

vr. 

.5 

11     120  miles  S.  S.  W.  of  S.  W.  Pass.. . 

I 

N.  N.  W. 

.7 

Mnjor  Howell,  U.  S.  Engineer  in  charge  of  the  Gulf  improvements,  has  made  a  series 
of  surveys  in  1S7S-4-5-C-7,  for  the  purpo^,  among  other  things,  of  ascertaining  what 
currents  jday  about  the  bars  at  the  mouths  of  the  river.  His  experiments,  made  chiefly 
through  II.  C.  Collins.  Civil  Assistant,  demonstrate  the  absence  of  any  permanent  cur- 
rent on  or  about  the  bars  of  tlie  river  and  for  It  miles  out  into  300  feet  depth  of  water. 

The  commission  of  Engineers,  on  Canal  and  Jetlees,  of  November,  lb74,  may  be 
quoted  as  reporting  against  the  allegation  of  a  littoral  current,  as  it  is  neither  alleged 
or  denied,  in  their  report  in  favor  of  the  Jettee  experiment. 

In  conclusion  we  quote  the  language  of  J.  E.  Hilgard.  long  an  assistant  in  the  Coast 
Survey  on  the  Gulf  of  Mexico,  and  still  in  charge  of  the  charts  and  soundings  of  the 
office.  He  verbally  informed  the  writer  that  "  no  currents  other  than  the  transi- 
tory mutable  wind  and  tidal  currents,  were  known  to  the  Coast  Survey;  out  of  the 
immediate  vicinity  of  the  Yucatan  and  the  Florida  Straits." 
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Physics  of  the  Lower  Mississippi  River.     By  C.  G.  Forshey, 
of  New  Oileaus,  La. 

Preface. — Having  considered  the  Gulf  of  Mexico  toward  wliicb 
all  tiie  Geological  beds  of  the  Mississippi  valley  incline,  we  hut 
follow  the  natural  order  in  tracing  the  drainage,  and  flow  of  the 
waters,  which  find  their  rest  in  their  original  source  from  which 
they  were  borne. 

The  Great  River  which  concentrates  these  waters  enters  the  basin 
on  the  north  side,  and  has  made  a  considerable  indentatipn  about 
its  debouchure.  We  propose  to  examine  it  in  this  invasion  of  the 
Gulf. 

The  Bars  and  Mouths  of  the  Mississippi. — The  great  devel- 
opment of  population  and  industrj',  and  the  consequent  commerce 
of  the  valley  of  the  Mississippi  River,  have  created  a  demand  for 
the  deep  and  permanent  navigation  of  his  channels  out  to  the 
ocean  and  to  the  marts  of  the  world.  This  cannot  be  longer  de- 
layed without  great  embarrassment  and  serious  loss  to  productive 
industr}'. 

Everything  that  contributes  to  the  solution  of  this  demand  is 
well  worthy  the  consideration  of  the  Academies  of  Science  and 
learned  bodies  of  the  American  public.  It  is  proposed,  in  this 
paper,  to  discuss  the  Phj-sics  of  the  Passes  and  Mouths,  according 
to  the  best  lights  that  science  and  investigation  can  afford. 

Measurements. — The  river  flows  for  the  last  300  miles  of  its 
course  between  banks  and  levees  that  are,  b}'  a  mean  of  two 
hundred  measurements,  2,735  feet  apart. 

The  average  mean  depth  of  the  central  channel  is  121  feet  at 
high-water ;  and  the  mean  cross-section  of  the  body  of  the  river 
is  200,000  square  feet. 

The  fall  of  the  surface  plane  measured  from  high  water  is  49.5 
feet,  which  gives  a  plane  of  2.28  inches  per  mile  of  channel.  This 
is  from  the  mouth  of  Red  River,  the  last  tributary  to  the  mouth 
of  the  Mississippi. 

The  mean  velocity  of  the  surface  current  in  raid-channel  is  about 
6  feet  per  second  or  4  ;niles  per  hour  ;  and  the  mean  annual  veloc- 
ity of  the  entire  river  volume  is  3.8  feet  per  second  or  2.23  miles 
per  hour. 

.     The  average  discharge  of  the  whole  volume  is  610,000  cubic  feet 
per  second  ;  and  the  total  volume  carried  into  the  Gulf  by  the  river 
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amounts  to  21,300,000,000,000  ciil)ic  feet:  say  twonty-one  and 
three-tenths  trillions  of  cubic  feet  of  water  in  each  year,'^ 

Amount  and  quality  of  Skuimkntauy  Matteu. — Tiie  waters 
of  the  Mississippi  River  are  always  turbid,  and  bear  to  the  Gulf 
in  suspended  form  jg^o^  or  .00035  per  cent,  of  its  whole  bulk,  or 
TflVfT  <^''  -OOOoo  percent,  of  its  whole  weight  of  sedimentary  matter. 

This  earth}'  matter  proves,  upon  the  examination  of  some  thou- 
sands of  samples,  taken  daily  at  all  depths,  and  every  portion  of 
the  river,  for  two  years,  to  be  composed  of  very  fine  sand,  and 
highly  comminuted  aluminous  matter,  entirely  free  from  organic 
substances. 

'  These  amounts  are  extremel}'  small  when  compared  to  the  water 
bearing  them,  and  the  amount  of  matter  annually  contributed  to 
the  Gulf,  and  observations  in  great  numbers  w-ere  made,  to  de- 
termine how  these  contributions  should  be  accounted  for. 

It  was  ascertained  early,  say  witliin  the  first  month  of  observa- 
tion, that  there  was  some  other  undiscovered  method  of  explaining 
the  amount  thrown  out  on  the  sand  bars,  in  the  crevasses  of  the 
levees  and  banks,  and  carried  to  the  bars  of  the  river  at  itsmouflis. 

A  single  experiment  made  by  the  writer  of  these  pages  brought 
to  light  the  secret. 

The  matter  icas  borne  along  the  bottom  of  the  river,  too  heavy  to 
be  held  in  suspension.  B}'  far  the  greater  amount  passed  olf  thus 
invisible.  The  amount  could  not  be  measured.  The  experiments 
were  continued.  Samples  were  taken  during  the  wdiole  of  two 
years,  and  the  drift  matter  never  was  found  absent  beneath  a  run- 
ning current.  From  the  greatest  depth  on  the  line  of  observation, 
and  from  the  gentlj-^  sloping  shore  of  the  bar  on  the  other  side,  the 
parcels  were  taken. 

After  much  reflection  and  desire  to  make  the  estimate  reliable, 
I  have  concluded  to  estimate  the  amount  of  drift  matter  rolled  or 
pushed  along  the  bottom  of  the  river,  at  three-fourths  of  the  whole 
quantity  l>y  weight.  Then  if  the  sediment  held  in  suspension  is 
tbVf  ^^  ^^'^  whole  river,  the  drift  matter  weighs  -^^  of  the  river. 
By  bulk  these  quantities  are  ^jg^jy  and  it^jstj.  Its  composition  was 
found  to  be:  1st,  coarse  silicious  sand:  2nd,  mud  in  balls  and 

"Tliese  data  are  tnken  mainly  from  tlie  Dolta  Survey  of  Abbott  anrl  IIumi)liiey8. 
The  writer  of  this  paper  conducted  tlie  Ilydrometric  operations  of  tliat  survey,  and 
feels  at  liberty  to  use  it  freely,  Avith  this  mere  statement,  without  always  quoting  or 
acknowledgment. 
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lumps,  embracing  sticks  and  leaves,  from  the  size  of  half  an  inch 
in  diameter,  to  two  inclics  and  even  three  inches  in  dimension  ; 
3d,  water-logged  sticks,  i)ieces  of  wood  and  roots. 

These  constitute  the  drift  matter  of  the  Mississippi  River. 

TiiK  Passes  of  the  Mississippi. — At  a  distance  of  18  miles 
from  the  Gulf,  measured  along  the  main  channel  of  commerce,  the 
river  divides  into  three  passes. 

The  first,  called  the  Southwest  Pass,  bears  off  with  a  divergence 
of  50°  from  the  main  direction  of  the  river,  and  has  a  direction  of 
S.  25°  W. 

The  cross-section  of  the  Southwest  Pass  is  G0,2G7  square  feet ; 
its  discharge  at  flood  season  is  315,028  cubic  feet  per  second.  Its 
average  width  in  s^-nimetrical  section  is  1400  feet.  Its  length  to 
the  bar,  3  miles  at  sea  from  the  land's  margin,  is  18  miles,  meas- 
ured from  the  divergence  at  the  head  of  the  passes ;  and  its  de- 
scent from  that  level  is  2.9  feet  or  1.8  inches  per  mile. 

The  second  division  is  called  the  South  Pass,  and  is  a  prolon- 
gation of  the  main  channel  in  its  general  bearing.  Its  course  is 
S.  25°  E.  Its  cross-section,  April  22,  1876,  was  22,760  feet  at 
high  water,  and  its  discharge  82,027  cubic  feet  per  second.  Its 
length  to  the  bar,  at  about  2  miles  at  sea,  is  13.5  miles.  Tlie  av- 
erage width  of  the  Pass  is  700  feet,  and  its  fall,  like  all  the  passes, 
is  2.9  feet  at  high  water,  giving  a  slope  to  its  plane  of  2.44  inches 
per  mile. 

The  third  subdivision  of  the  river  is  called  the  Northeast  Pass, 
now  more  commonly  the  Pass  a  I'Outre, — bearing  N.  78°  E.,  taking 
the  Pass  a  I'Outre  as  its  continuation. 

Its  cross-section  is  66,360  square  feet  at  high  water,  and  its 
discharge  309,700  cubic  feet  per  second.  Its  length  to  the  bar  of 
Pass  a  I'Outre  is  about  15.5  miles ;  its  plane  of  descent  2.9  feet  at 
2  inches  per  mile. 
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MEASUREMENTS  OF  THE  KIVEU  AND  PASSES.^ 


DATE. 

25 

.£  9 

CO 

Hi 

c5~ 

PASS. 

ALTHORITr. 

Oct.  24, 1875. 

2,040  159.8 

1.40 

157,277 

274.722 

Whole  Uivcr  above 
Jump. 

Howell— Collins 

O-t.  24,  lf?75. 

23 

1 

1  40 

154,031 

Whole  River  below 
Jump. 

Howell— Collins 

1 

Oct.  2.1,  1875. 

20 

1  3h 

142,485 

Whole  River  below 
Ciibilt's  Gap. 

Howell- Collins 

1.37 

April  23, 1875. 

15.5 

1,444 

44.4 

66,360 

309,700 

North-east  Pass,  1 
mile  down. 

Howell— Collins 

May  19,  1877. 

66.995 

203,000 

Northeast  Pass,  1 
mile  down. 

Howell— Collins 

Oct.  2C,  1850. 

8.2 

1,447 

.Jo.O 

1.20 

35,250 

Prof.  Forshey. 

Apiil23,  1875. 

18 

1,245 

46.2 

1.88 

60,267 

315,028 

South-west  Pass,  1 
mile  down. 

Howell— Collins 

May  in,  1877. 

.... 



24.5 

57,390 

276,670 

South-west  Pass,  1 
mile  down. 

Howell— Collins 

April  22, 1875. 

13.2 

827 

2.61 

21,218 

82,027 

South  Pass,  1  mile 
down. 

Howell— Collins 

May  19, 1877. 

13.2 

827 

.... 

19,350 

69,009 

South  Pass,  1  mile 
down. 

Capt.  Brown. 

July  2.  1876. 

13.2 

827 

26.4 

2.61 

23,560 

South  Pass,  1  mile 
down. 

Maj.  Comstock. 

Oct.  30, 1875. 

12* 

600 

31 

3.3 

18,621 

25,517 

Pass  Forsliey 
(Jump). 

Howell- Collins 

Nov.  8,  1850. 

5* 

1,250 

32 

9.2 

45,000 

Pass  Forshey 
(Jump). 

Prof.  Forshey. 

Aug.-,  1877.     7. 

3.000 

.... 

5.0 

Cubitt's  Gap. 

Lieut.  Maunday. 

Oct.  20. 1875.    7.5* 

4.000 

5 

5.0 

18.621 

25,517 

Pass  Howell 
(Culiitfs  G.ip). 

Howell— Collins 

Works  for  the  Improvement  of  the  Passes  in  Naviga- 
ble Depth  of  Water:  Dredging. —  The  magnitude  of  the  river 
and  the  peculiar  nature  of  its  passes  and  bars  have  been  deemed 

'  Thi.i  table  discloses  the  effects  of  the  operations  now  going  on  at  the  passes.  The 
coiUr.iction  of  the  outlets  of  all  the  several  passes,  by  the  sinkin?  of  mattresses  in 
them,  and  the  jcttriiig  of  the  South  Pass  to  about  (iOO  feet  of  wiiltli,  and  the  closure  of 
Grand  Bayou.— all  of  which  has  been  done  within  the  year  past  (July.  1877)  have 
driven  out  at  the  Jump,  and  at  Cubitt's  Gap.  and  over  the  banks  and  through  the  small 
bayous,  au  unmeasured,  but  large  amount  of  water,  estimated  at  68,076  cubic  feet,  more 
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in  the  eye  of  inariiieia  and  navigators  as  presenliiig  too  fornilda. 
Lie  a  task  for  troalincnt  Ity  any  woiks  that  man  coiiUl  devise.  The 
semi-dissolved  nature  of  its  continually  forming  banks  and  bars, 
the  shiftiuir  of  these  from  place  to  place,  the  ui)heaving  '"mud- 
lumps"  from  an  unknown  depth  —  these  and  the  arrival  annually 
of  many  thousands  of  cubic  yards  of  sedimentary  matter, —  have 
forbiddi'u  any  attempts  to  found  work  ui)on  these  shores. 

Thi'n  there  was  the  example  of  the  mother  country  in  having 
had  under  her  care  the  mouths  of  the  Ganges,  the  only  similar 
stream  under  enlightened  management.  She  had  abstained  from 
making  any  works  to  protect  or  deepen  the  channels  of  that  river. 

In  1838  the  first  survey  was  made  by  our  government,  and  re- 
sulted in  nothing  more  than  the  recommendation  to  dredge  the 
channels.  This  has  been  done  in  various  ways  since  that  time. 
The  three  main  experiments  of  dredging  were,  1st,  those  of  the 
Tow-boat  Company',  in  which  18  feet  water  were  kept  for  one  year, 
1853,  for  75,000  dollars  ;  2nd,  the  dredging  by  Craig  and  Rightor, 
in  185G-7,  and  in  which  something  like  the  same  depth  was  accom- 
plished ;  and  3d,  the  process  now  in  operation  by  the  U.  S.  Engi- 
neers, which  has  been  continued  between  8  and  9  years,  with  an 
additional  foot  of  de[)th,  from  more  powerful  machiner}-. 

than  their  duty.  This  is  inferred  from  a  comparison  of  the  discharges  of  April,  167fi, 
and  May,  1S77.  Also  compare  the  regular  diniinutioQ  of  the  cross-section  of  tlie  South 
I'ass,  measured  at  a  mile  down. 

It  mu!^t  bo  reuiarked  that  the  South  Pass  is  divided  on  its  way  down  at  about  one- 
third  the  distance,  ami  seniU  off  through  Grand  Bayou  one-thiid  of  its  water  to  tho 
westward  into  East  Bay;  and  that  the  Northeast  Pass  sends  off  the  Pass  a  I'Outrc  at.ij 
miles  in  the  direction  it  had,  while  the  Nortlieast  pass  turned  E.  S.  E..  and  at  10  miles 
it  sends  off  the  Southeast  Pass,  and  then  again  turns  due  northeast,  reacliing  the  Gulf 
at  1G.5  miles  from  the  head  of  the  passes. 

The  Southeast  Pass  has  been  closed  lor  30  years  or  more,  and  can  be  entered  only  by 
two  bayous,  tho  Selim  Bayou  ami  Buttermilk  Chute,  which  connect  across  parallel 
with  each  other  from  the  Northeast  to  the  Southeast  Pass.  TI>eBali/.e  Bayou  leaves  the 
Northea>t  Pass  at  2  miles  above  the  head  of  the  Southeast  Pass.  Tliis  Bayou  was  for 
more  than  a  centuiy.  up  to  about  IS-l'),  the  main  i>ass  for  commerce,  with  from  1.5  to  18 
feet  of  water  on  its  bar.  In  ISjO  the  town  of  Balize,  oi'  300  souls,  built  by  the  Pilots, 
was  being  removed  to  ilie  Southwest  Pass,  tliat  Pass  having  enlarged  while  the  Balize 
was  in  decadence.  The  Southwest  Pass  and  Pass  a  I'Outre  have  been  the  track  of 
commerce  for  about  40  years,  irom  the  Uiver  to  the  Gulf,  and  recipi'ocally  the  latter 
having  had  for  that  time  from  10  to  13  feet  variable  channel,  and  the  Southwest  Pass, 
nearly  tho  whole  time,  about  13  (eet  at  mid-tide  as  the  normal  depth. 

*  Capt.  M.  R.  Brown,  U.  S.  Engineers,  placed  in  charge  of  the  progress  of  the  Jettee 
experiments  of  Capt.  Eads:  .July '28. 1877,  reports  that  there  is  a  channel  20  feet  deep  and 
145  feet  wide.  The  22  feet  channel  lacks  1270  feet  of  being  out  of  the  extreme  of  the 
Jettee. 

The  Jottee  contract  requires  20  feet  deep  and  200  feet  wide,  for  the  first  payment  of 
$."100,000.  and  for  tho  second  a  channel  23  feet  deep,  and  200  feet  wide,  through  from 
Uiver  to  Sea, 
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Limits  of  Dkkdging.  —  The  Pass  a  rOutre  liad  a  normal  depth 
of  al)out  15  feet  at  mean  tide  :  and  the  dredyes  of  Ihe  U.  8.,  the 
MeAlester  and  the  Essayons,  have  increased  tliat  deptii  to  ahont 
16.5  feet.  Tiiis  has  been  for  two  years,  np  to  August,  1875.  Ves- 
sels of  even  20  feet  draft  have  passed,  frequently,  as  the  effect  of 
dredging  upon  the  bottom.  The  paddles  of  the  boats  have  reached 
even  below  that  depth  ;  leaving  the  nuid  loose  and  practicable  to 
the  keels  of  vessels,  so  that  they  have  passed,  without  stojjping, 
through  two  feet  more  than  the  soundings.^ 

Ou  [)assing  to  the  Southwest  l*ass  bar,  the}'  experienced  a  like 
effect,  after  the  dredging  had  got  fairly  to  work.  Upon  sound- 
ings of  17.5  feet  to  19  feet,  vessels  with  a  draft  of  20  feet,  and  in 
one  instance  of  21.5  feet,  have  passed  the  bar  without  detention. 
But  for  25  years,  since  the  introduction  of  dredging,  this  has  been 
the  limit.  Tlie  buckets  or  paddles  of  the  dredges  have  uniformly 
stirred  the  mud  two,  three,  and  four  feet  deeper  than  the  vessels 
could  pass.  The  mud  closes  over  the  channel  again  at  this  limit, 
which  I  placed  at  19.5  feet  at  the  great  average. 

The  uniformity  of  this  maximum  result  in  the  two  passes  is 
sufficiently  remarkable  to  call  for  an  explanation.  Wh}'  is  it  that 
the  dredging  should  be  limited  in  its  result,  when  dredging  else- 
where knows  no  limit  of  depth? 

8  Oil  tlic  13-14  April,  187fi,  a  reniark:ible  diisturbance  took  place  in  tlie  Pass  a  I'Oiitre, 
that  coinpi'lleil  tlie  <lrc(lge  boiits  to  leave  tliatchamicl  ami  repair  to  the  Southwest  I'ass; 
and  since  that  time  they  have  worked  upon  that  pass  solely;  tlie  Pass  a  TOutrc  having 
ebonled  up  to  !)  or  10  feet. 

In  a  single  night  the  whole  area  was  changed;  a  mudlunip  (or  other  movement) 
having  lieaved  up  from  a  depth  of  7  or  8  feet  water,  and  thrown  itselt  obliquely  across 
the  channel,  raising  its  head  !>  feet  above  tlie  water  in  (ilaces,  and  covering  an  area  of 
17  acres  that  was  formerly  submerged.  Tlie  movement,  with  various  degrees  of  eleva- 
tion, soniL'limes  of  depression,  continued  during  the  summer  as  a  "glacial"  or  niove- 
nieiit  forward,  and  exhibited  itself  in  the  form  of  wrinkles  or  plications,  and  extended 
itseirto  all  the  vicinity  of  the  passes,  reaching  to  more  than  one  thousan<l  acres. 

The  dreilgers  found  it  impossible  to  keep  down  the  upheaval  across  the  channel ;  and 
the  were  withdrawn  in  August.  It  was  definitely  ascertained  that  the  movementwas 
continuous.  The  clearing  away  the  upheaval  of  one  day  was  no  guaranty  that  to- 
uiorrow  it  would  not  be  repealed  and  more  tlian  replaced. 

The  movement  was  normal  or  radial  to  the  curve  of  the  bar  at  sea.  It  was  corru- 
gated and  in  ridges;  the  seams  and  cracks  being  mainly  parallel  with  the  curve  of  de- 
posit about  the  bar. 

The  glacial  movement  suggested  by  Major  Howoll.  of  the  U.  S.  Engineers,  in  charge 
of  the  works,  appears  plausible  and  consistent  with  the  fa(-ts,  as  lliey  appear  to  me. 

A  demonstration  of  subsidence  conies  to  light  at  the  .Jump.  The  telegraph  cable 
was  placet!  there  on  the  surface  in  185;},  crossing  the  channel  of  the  .lump.  It  wa.s  re- 
cently dug  ui>  by  Mr.  II. C.  Collins,  Assistant  Kngiiieer,  at  a  ilepUi  of  four  feet;  show- 
ing a  subsidence  of  two  inches  per  year.  Other  places  show  a  consistency  with  this; 
but  they  awj  uot  so  exactly  measured. 


154  PHYSICS  OF  THE  LOWEU  Biississirpi   kiver; 

Analysis  ok  Matkkial. —  The  iiujuirv  mny  find  :i  solution  b}' 
rofcrring  to  the  surrounding  alluvion. 

It  lias  a  uniformity  of  level,  that  can  only  l>e  accounted  for  by 
the  law  of  gravitation.  All  the  alluvion  comes  to  a  level  in  the 
vicinitv  of  the  mouths  of  the  river,  for  the  same  reason  that  mor- 
tar, mnsii,  tar  or  dough,  sinks  slowly  to  the  same  level. 

Impervious.  —  The  banks  of  the  river,  say  20  miles  np  from  the 
mouths,  are  composed  of  alluvium,  which  has  had  the  water  ex- 
truded from  it  by  longtime,  but  such  is  its  tenacity  that  the  water 
cannot  be  rapidly  compressed  from  it  b\-  its  own  weight.  At  a  dis- 
tance of  50  miles  up,  where  the  land  is  elevated,  say  12  feet  above 
the  sea-level,  we  find  the  earth  so  impervious  to  water  that  it  cannot 
be  penetrated  by  it.  The  water  that  it  still  holds  is  incapable  of 
travelling  except  by  the  channels,  or  orifices,  that  have  been  i)re- 
served  from  times  of  greater  thinness,  or  gradually  worn  through 
the  alluvium.  The  river  rises  each  year  to  and  above  the  level  of 
the  banks,  but  often  does  not  affect  the  springs  and  wells  that  are 
close  to  its  banks.  This  is  from  the  impervious  character  of  the 
material,  after  being  compacted. 

Semi-Jiuid.  — The  nearer  the  sea,  however,  the  less  completely 
have  the  waters  been  extruded,  until  the  sea-level  is  reached  ;  and 
here  its  material  is  still  in  a  partially  fluid  condition  ;  and  like 
dough,  or  mortar,  it  acquires  a  level  which  it  maintains  unless  dis- 
turl)ed  b}'  some  extraneous  force. 

This  is  true  for  a  distance  of  several  miles  along  the  shores  and 
interior.  Occasional  mud-lumps  disturb  the  level,  and  raise  the 
surface  ten  or  fifteen  feet ;  and  out  of  the  reach  of  the  sea-waves 
which  usually  level  them.  But  so  soon  as  the  cause  of  elevation 
ceases  (hydrostatic  pressure  from  suppressed  springs)  the  lumps 
sink  down  to  the  common  level,  b\'  their  own  gravity.  No  trace 
is  found  of  the  thousand  mud  lumps  that  swarm  around  the  bars 
of  the  various  passes,  though  many  of  their  springs  are  found  upon 
the  margin  of  the  salt  water.  Thej'  disappear  just  as  a  shovel  of 
mortar  cast  into  a  vat  sinks  down  to  a  common  level. 

Application  of  Analysis.  — Thus  much  premised,  we  have 
reached  the  limit  of  dredging. 

The  mud  and  sand  which  form  the  channels  of  the  bars  yield  to 
the  forces  that  attack  it.  If  an}'  channel  could  be  relieved  of  its 
■water,  whether  a  dredged  or  natural  channel,  it  would  commence 
filling,  and  would  ultimately  take  the  level  of  the  prairie  marsh. 
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While  attacked  by  the  currents  of  tlie  river  in  an}'  pass,  it  main- 
tains the  shape  that  so  much  water  of  tlie  river,  with  its  velocity,  is 
capable  of  giving  it.  The  moment  these  forces  are  changed,  the 
channel  changes  accordingly  ;  and  wlien  the  waters  desert  it  for 
some  more  favored  route,  the  old  one  fills  ;  not  necessarily  from 
deposit,  but  ftom  specific  gravity, —  the  universal  leveller  of  the 
alluvion. 

When  dredged  channels  have  been  made,  3,  4  or  5  foot  deeper 
than  the  normal  channel,  the  beds  are  disturbed  beneath  the  waters 
and  beneath  the  forces  of  the  currents.  At  once  the  action  com- 
mences as  if  it  were  out  of  water.  The  former  condition  is 
assumed  as  if  it  had  not  been  disturbed.  Much  of  it  returns  im- 
mediately to  its  position,  only  with  this  differen(re,  that  the  water 
■whicl)  has  been  partially  extruded  b}'  time,  [)rior  to  the  disturbance, 
has  been  reintroduced,  and  the  mud  is  the  more  nearly-  fluid,  and 
traversable  by  the  keels  of  vessels.  The  action  of  the  dredges  only 
disturbs  the  mud  for  a  few  hours  (or  days  perhaps)  and  it  assumes 
its  former  position  and  adhesion. 

Jettees.  —  An  extension  of  this  doctrine  would  be  unfavorable 
to  the  jettee  success,  if  not  fatal  to  them. 

It  is  plain  that  the  force  applied  to  the  bar  by  jottees,  will  move 
the  mud  to  the  depth  due  to  the  plane  of  descent,  and  volume  of 
water  within  the  walls  of  the  jettees,  minus  the  opposing  wall  of 
the  sea  in  front.  If  more  is  required  than  is  due  to  this  plane  and 
volume,  the  jettees  will  act  as  a  dam  to  the  waters,  and  the}'  will 
cease  to  scour.  If  the  waters  have  exit  around  the  jettees,  they 
will  take  that  course  ;  and  if  not,  they  will  overflow  the  obstacles. 
In  this  case,  the  former  will  happen  ;  the  waters  will  run  around 
the  jettees,  down  the  other  passes,  or  over  the  banks. 

But  beyond  the  jettees  the  bar  will  form  at  once,  unless  the  ma- 
terial is  carried  away.  That  it  will  not  be  carried  far  in  advance 
of  the  jettees  can  be  answered  by  past  experience.  Has  it  been  al- 
ways carried  away,  or  has  the  bar  formed  and  pushed  outward  pro- 
gressively and  forever? 

The  improbabilit}'  of  reaching  a  littoral  current,  that  has  not 
been  doing  the  work  before,  at  this  or  any  of  the  man}'  passes,  is 
too  great  to  base  an  expectation  upon,  and  places  the  success  in  the 
category  of  experiment.  In  seven  years,  perhaps,  this  experiment 
will  have  a  solution.  The  bar  will  manifest  its  disposition  to  form 
by  that  time. 
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The  River  and  Ciiannkls  above  the  Passes.  —  The  River 
Mi.ssissij)pi  curves  its  cliaiiiiel  in  Ihe  alluvion,  mid  narrows  it  as  it 
conies  nearer  to  the  sea. 

Li't  us  consider  the  character  of  the  channel  for  100  miles,  before 
it  .spreads  out  and  sends  olf  the  passes  ;  and  the  manner  in  which 
it  divides  itself,  as  it  comes  within  tlie  influence  of  tiie  sea. 

At  Carrollton,  the  upper  end  of  this  100  miles,  the  Ilydrometric 
station  of  the  Delta  Survey,  the  river  takes  the  form  very  much 
that  it  maintains  to  the  head  of  the  passes. 

It  has  180,875  square  feet  of  cross-section,  being  2735  feet  wide, 
at  high  water,  and  2152  feet  at  low  water.  It  has  increased 
13,046  feet  in  section,  in  23  years. 

The  width  of  the  river  at  the  upper  side  of  the  Jump,  the  first 
water  it  parts  with,  seven  miles  above  the  head  of  the  passes,  is 
2G50  feet ;  and  it  has  a  section  there  of  157,277  feet. 

Its  greatest  depth,  not  abnormal,  is  about  100  feet  in  a,  symmet- 
rical section  ;  though  it  often  reaches  a  greater  depth,  and  the 
greatest  line  of  depth  ma3'  be  put  at  150. 

Form  of  channel. — It  washes  a  channel  into  the  alluvial 
bottom,  that  may  be  taken  as  the  segment  of  a  circle,  whose  height 
is  measured  by  the  channel's  greatest  depth  ;  or  the  versed  sine  of 
the  arc  for  its  height,  —  the  depth  of  the  river,  —  and  its  chord  equal 
to  twice  the  sine  of  the  same  half  arc  —  the  surface  width  of  the 
river. 

The  same  rule  may  be  applied  to  the  section  of  the  passes,  or 
indeed  to  any  section  of  a  stream  in  an  alluvial  bed. 

Retardation. — The  ground  perimeter  yields  friction  at  the 
bottom,  and  the  atmosphere  at  the  surface,  which  together  retard 
the  velocit}'. 

"Width  and  depth.  —  The  semicircle  would  give  the  greatest 
possible  velocity  ;  but  its  approach  never  reaches  a  greater  degree 
than  about  100  feet  for  the  versed  sine,  and  a  surface  of  2500  feet ; 
for  there  are  few  streams  that  have  so  great  a  depth  and  section 
as  the  Mississippi. 

Abnormal  depths. — There  are  depths  of  the  abnormal  kind, 
which  reach  240  feet.^  But  these  occur  very  rarely,  and  arc  sup- 
posed to  be  eddies  caused  b}'  rupturing  the  wall  of  some  pocket  of 

»  M.ij.  Tiovfl,  of  the  U.  S.  Coast  Survey,  found  240  feet  In  the  river,  a  few  miles  below 
Bonnet  Carre,  in  187»i;  and  Capt.  Brown,  of  the  U.  S.  Engineers,  found  80  feet  in  the 
jetteed  channel,  where  ti  to  30  feet  prevailed  above  and  below. 
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quicksancl,  and  not  continuous  channel  scoured  by  the  current. 
These  occur  near  above  Fort  Jackson,  40  miles  from  the  mouth, 
at  some  two  miles  below  Bonnet  Carre,  and  possil)ly  at  Natchez. 
At  Cubitt's  Gap,  one  of  the  gorges  sinks  to  127  feet  opposite  the 
river  of  only  56  feet  greatest  depth.  This  gorge  expires  almost 
immediately  on  leaving  the  river.  The  flat  shown  in  the  diagram 
supervenes,  and  the  discharge  of  the  Crevasse  has  but  little 
channel,  out  to  tiie  level  of  the  sea,  say  seven  miles. 

Formation  of  the  Passes. — As  the  river  approaches  the  level 
of  the  Gulf,  it  exhibits  the  retardation  of  its  current,  and  begins 
to  spread  its  waters  and  to  flatten  the  segment  of  the  circle  which 
its  channel  represents. 

From  the  Jump  to  Cubitt's  house,  5.5  miles,  it  widens  from  2660 
feet  to  4750  feet ;  and  again  in  the  next  two  miles,  it  widens  to 
7500  feet ;  and  it  then  divides  into  the  three  passes  of  67,000, 
19,350  and  60,2G7  feet  section,  having  a  breadth  1444,  1245,  and 
827  feet. 

Creation  of  New  Passes  :  the  Jump. — Until  about  the  year 
1840,  there  were  but  three  passes.  But  in  the  winter  and  spring  of 
1839-40,  a  great  flood.  Wilder  canal  opened  by  crevasse  through 
some  hundred  yards  of  distance,  and  in  ten  years  it  attained  1250 
feet  breadth  and  32  feet  mean  depth, i°  and  45,000  feet  of  cross- 
section. 

From  a  survey  made  by  the  writer  in  1875,  the  Jump  has  a 
channel  of  600  feet  wide,  and  divides  with  2.5  miles  from  the 
river  into  five  channels,  or  passes,  all  of  which  have  definite  cur- 
rents, and  three  of  which  are  navigable  for  ten  miles.  One  has 
been  navigated  out  to  sea,  but  generally  their  bars  are  soft  mud 
and  only  one  or  two  feet  of  depth.  The  section  of  the  Jump  at 
the  present,  1876,  is  600  feet  X  31  feet — 18,550  square  feet.  It 
has  diminished  by  more  than  half  its  capacity  for  outlet,  and  still 
promises  to  continue  till  its  several  passes  become  one,  or  perhaps 
entirely  disappear. 

It  has  reclaimed,  and  clothed  with  a  forest  of  willows  and  cotton 
woods,  an  area  of  200  square  miles.  On  several  of  the  branches 
of  the  mainstream  there  are  inhabitants  cultivating  rice  and  corn, 
and  raising  cattle  and  hogs.  The  former  depth  of  the  Gulf  in  this 
quarter  was  from  3  to  10  X  12  feet,  which  has  been  filled,  and  the 

"  Bicker  Survey,  by  Prof.  Forshey, 
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alluvion  spread  out  beneath  Uie  waters  of  the  Gulf  has  an  unknown 
extent.'^ 

These  two,  the  Jump  and  Cubitt's  Gap,  each  may  make  a  Pass 
under  the  inlluence  of  obstructions,  artificial  or  natural,  occurring 
in  one  or  several  of  the  main  passes. 

In  like  manner  the  Oyster  Canal  was  used  by  Dick  Cubitt,  till 
18G2.  It  broke  or  was  cut  through  and  enlarged,  and  in  a  few 
years  became  a  vast  outlet.  Its  width  in  1875  was  1492  feet,  its 
cross-section  30,940  feet,  and  its  discharge  about  25,517  cubic  feet. 
Its  depths  and  gorges  exhibit  such  extraordinary  extremes  of  ab- 
ruptness in  channel, — so  we  have  seen  above,  as  to  be  worthy  of 
remark. 1- 

MiNOK  Passes. — Below  the  head  of  the  main  passes,  we  recog- 
nize upon  the  map,  recently  corrected  and  brought  up  to  date,  no 
less  than  38  minor  passes  of  all  divisions.  Of  these  the  South- 
east Pass  has  9,  the  South  Pass  3,  and  the  Northeast  Pass  26 
passes.  Most  of  these  are  but  temporary  in  their  location  and 
character,  and  are  answering  their  functions  of  filling  with  sedi- 
ment the  residuary  bays,  and  assisting  to  bring  up  the  rear  of  the 
Delta. 

Thus  the  Mississippi  distributes  and  disposes  of  its  waters  and 
sediments,  and  makes  alluvial  country. 

Growth  and  Decadence  of  the  Passes. — The  passes  are 
continually  altering  their  relations  to  each  other  and  to  the  whole 
river.  The  Southwest  Pass  manifestly  grew  from  the  survey  of 
Capt.  Talcott  in  1838  to  Forshey's  survey  in  1850.  The  relations 
were  40  and  45  per  cent,  of  the  whole  river,  while  the  Northeast 
Pass  diminished  from  52  to  47  per  cent.  The  North  Pass,  Balize 
Bayou,  and  Southeast  Pass  decreased  in  favor  of  Pass  a  I'Outre. 
These  last,  however,  are  but  branches  of  the  Northeast  Pass. 
The  South  Pass  was  not  noticed  by  Capt.  Talcott.  It  seemed  too 
insignificant  then  to  be  measured.  In  1850,  Prof.  Forshey  gives 
it  8  per  cent,  by  cross-section  of  the  whole  volume. 

Again,  Major  Howell,  to  whom  I  atn  indebted  for  many  recent 
facts  and  sketches,  made  an  elaborate  survey  about  the  mouths  of 

I'Suvveya  of  Prof.  Forshey,  in  1875,  and  H.  C.  Collins,  under  Maj.  llowell's  direction 
in  ISTC. 

'^  The  gap  is  overgrown  with  willows  and  has  made  several  large  channels;  and  the 
area  of  alluvion  made  by  its  efflux  is  measured  at  3000  acres,  in  1S77.  The  operations 
upon  the  |>asses,  for  tlie  benefit  of  the  jettees,  increase  vastly  the  efflux  from  the  Gap, 
and  mai/  niatie  a  permanent  Pass, 


Br   C.    G.    FORSIIEV. 


159 


the  liver,  and  with  the  results  that  are  set  fortli  in  tlie  table  below. 
The  Southwest  Pass  had  shrunk  to  38  per  cent.,  the  Northeast 
Pass  to  •42,  and  the  South  Pass  had  grown  to  15  per  cent.  ;  and 
then  as  a  i)roduct  of  the  works  upon  it,  it  had  shrunk  back  to  13 

TABLE  SHOWING  THE  GROWTH  AND  DECADENCE  OF  PASSES  FROM  1838. 
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per  cent.'''  IJnylc}'  gives  one  section  of  lo,  and  one  of  12  per 
cent,  in  IsTa. 

Dynamic  Law. — Tiie  law  of  dynamics  of  cnrront  tends  to  keep 
the  passes  of  nearly  the  same  length,  or  to  close  them. 

Ilenee  the  South  Pass,  whicli  is  tliree  miles  shorter  than  any 
other,  and  five  miles  shorter  than  the  Southwest  Pass,  should  be 
expected,  in  a  state  of  nature,  to  increase  for  the  next  century 
perhaps. 

There  exists  some  law  which  we  can  approximate,  but  cannot 
entirely  command,  which  fixes  the  relative  length  of  the  passes. 
That  law  involves  the  {icetted)  perimeter,  the  cross-section,  and 
the  slojie. 

The  larger  the  volume  passed  out,  and  the  nearer  that  volume 
approaches  to  the  semicircle  in  its  section,  the  less  the  resistance 
from  its  bottom  and  the  atmosphere, — and  the  less  the  retardiiig 
effect  of  the  sea,  as  the  river  approaches  it.  The  greater  the  vol- 
ume, the  more  abilit}'  has  running  water  to  erode  the  bottom  ;  and 
as  I  believe,  the  nearer  the  section  approaches  the  semicircle  (or 
semi-ellipse  ;  i.  e.,  the  greater  the  arc  at  the  point  of  equilibrium 
of  forces,  the  greater  the  moment. 

When  the  river  in  motion  meets  the  standing  wall  of  water  pre- 
sented by  the  sea,  its  ability  to  displace  the  obstacle  is  dependent 
upon  its  specific  gravity  multiplied  by  its  velocity.  The  liver 
water  is  lightest,  and  rises  upon  the  salt  water.  Just  at  what  angle 
I  am  unable  to  determine.  Certain  it  is,  however,  that  the  dead 
angle  has  its  vertex  at  this  point  and  that  the  fresh  water  does  rise 
upon  the  salt  water  ;  and  just  as  certain  that  the  river,  at  that 

>3  It  was  a  knowledge  of  these  mutations,  and  especially  that  the  South  Pass  bade  fair 
to  increase  for  the  centiivy  to  come,  from  its  great  lack  of  length,  that  the  writer  of  this 
paper  carnestl.v  advocated  the  choice  of  the  South  Pass  for  the  location  of  any  works 
of  internal  improvement,  especially  the  jettees,  that  might  be  tried  upon  the  nver 
mouths. 

And  since  this  Pass  has  arisen  to  prominence  it  may  be  well  to  give  the  state  of  the 
head  of  the  Pass  in  18')0.  From  Forshey's  report  in  the  Ricker  survey  we  extract  the 
following:— 

"  Above  the  head  of  the  Pass,  and  extending  near  to  it,  a  large  sand-bar  has  formed, 
bai-e  in  low  water,  which  threatens  to  close  tlie  Pass."  Xo  island  was  then  in  tlie  Pass, 
but  the  sand-bar  formed  tlie  Inland.  "The  soundings  from  the  lower  side  or  left  of  the 
head  of  the  Pass  give  1  foot,  2,  2.8  feet,  3.  5  fathoms,  4,  5.  5,  7,4,  3,  8  feet,  8,  7,  3,  3,  4,  4,4, 
2,  5,  4,  4.  2,  5,  3,  2, 1  at  shore.  Soundings  from  lower  end  of  bare  bar  to  the  upper  end 
or  upper  side  of  South  Pass :  1.  2,  .3,  3,  3,  5,  4.  5,  5.  5.  5,  5,  5^.  54,  G,  6,  7,  8,  9,  2J  fathoms, 
2.i.  3J.  4.  3,  43,  2j,  5i,  3J,  2J,  2  feet  at  shore.  Soundings  for  cross  section  J  of  a  mile 
down :  8  feet  at  40  fi-oni  shore,  2  fathoms  21,  55i  54,  3i,  SJ,  3,  3,  3  feet,  2,  1,  20  feet  from 
shore.    Section,  12,060." 
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point,  ceases  to  abrade  the  bottom  ;  and  from  that  time  and  place 
the  conthct  ceases  ;  here  is  the  outer  verge  of  the  bar. 

The  point  of  equilibrium  is  not  always  the  same.  It  changes 
with  the  tides,  with  tiie  floods  in  the  river,  and  when  not  deep, 
witii  the  winds.  The  strength  of  the  current,  then,  is  given  by 
the  slope  and  by  the  volume.  The  floods  give  the  volume ;  the 
slope  is  always  changing  ;  and  the  problem  is  too  complicated  to 
be  formulated. 

This  conflict  is  limited  to  the  length  of  the  bar,  and  chiefly  cre- 
ates it ;  and  is  greatest  at  its  crest.  Its  extent  at  the  passes  of 
the  Mississippi  is,  say,  three  miles  at  the  Southwest  Pass,  two  at 
Pass  a  rOutre,  and  one  mile  at  the  South  Pass.  Obviously  the 
bar's  length  is  somewhat  dependent  upon  the  volume,  in  a  sedi- 
ment-bearing river. 

When  this  formula  is  mastered,  we  shall  be  al)le  to  compute  the 
normal  depth  of  the  channel  at  any  river's  mouth  ;  and  we  shall 
find  that  the  greater  volume  of  water,  with  the  same  slope,  will  be 
able  to  keep  the  greater  depth  of  water  on  the  bar. 

Peculiarities  IN  THE  Phenomena  of  the  Mississippi. — Some 
peculiarities  that  are  not  known  or  noticed  in  other  rivers  present 
themselves  about  the  mouths  and  channels  of  the  Mississippi. 
These  have  not  hitherto  been  recorded  by  Ilydrographic  writers. 

Oblique  and  Upward  Forces. — The  banks  of  the  river  dem- 
onstrate that  the  material,  transported  along  the  bottom,  is  at  times 
lifted  by  an  oblique  or  transversely-  upward  movement  of  the  cur- 
rents and  thrown  outward  upon  the  banks  during  overflows,  and 
especiall}^  in  crevasses  in  the  levees  and  banks.  Much  of  this 
matter,  chiefly  sand  and  mud  balls,  is  quite  too  heav}'  to  remain 
suspended  in  the  river's  currents. 

This  phenomenon  is  well  illustrated  upon  the  channel  bars,  along 
the  river  in  its  travel  up  the  inclined  plane,  or  inner  slope  of  the 
sand  bars.  Otherwise  it  would  never  get  to  sea,  and  must  choke 
the  river's  channel. 

It  is  also  illustrated  in  forming  the  banks  of  the  passes,  and 
even  as  fav  out  as  the  verge  of  the  bars.  It  is  lifted  or  rolled 
up  on  the  side  of  the  bars,  and  deposited  upon  them  ;  and  thus 
commingles  to  some  extent  with  the  clayey  matters  that  are  held 
in  suspension  until  the  clay  is  precipitated  by  contact  with  the  salt 
water,  and  the  heavy  silt  is  stopped  upon  the  sides,  and  assists  in 
forming  the  permanent  alluvion  of  the  bars  or  banks. 
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This  [)it'cipltation  lukos  [)I:ieL'  the  more  rapidly  on  (lie  sides  of 
the  i):isses  as  they  enter  the  Gidf;  the  margin  of  the  current  eol- 
lidinj;  and  mingling  wilh  the  salt  water,  —  making  eddies  and  ar- 
resting theveloeity  at  both  margins  along  the  surlaee. 

It  would  ai)pear  that  the  lateral  discharge  IVou)  the  river's  chan- 
nel in  a  crevasse,  though  it  be  at  the  surface,  is  fed  from  the  deep 
water  as  well  as  from  the  surface  ;  and  that  these  drafts  or  jets  of 
discharge  sweep  up  the  banks  oj"  the  river  from  the  very  bolton), 
even  wlicrc  the  banks  are  very  steep,  bearing  the  heavy  silt  from 
the  lowest  depths  of  the  river  along  wilh  them,  and  casting  tliem 
out  into  the  eddies  and  quiet  waters. 

Character  of  Material  ox  Bars. —  Upon  the  bars  proper, 
there  is  little  of  the  coarse  sand  deposited,  only  that  which  touches 
and  adheres  to  clay.  The  clayey  matter  forms  the  body  of  the 
bars.     The  mud  or  cla}'  is  plastic,  and  has  nocharacter  of  solidity. 

Vessels  navigating  the  channels  are  commonly  dragged  by  the 
tow  boats,  the  currents,  or  their  own  sails  or  steam,  through  one 
or  more  feet  of  this  chi}' ;  and  occasionally  through  two  or  even 
three  feet,  and  they  leave  little  or  no  wake  behind  them. 

Dredging  cuts  13  feet  of  normal  depth,  to  17  or  18  feet  at  Pass 
a  rOutre.  And  in  like  manner  at  the  Southwest  Pass,  as  we  have 
seen,  where  15  feet  normal  becomes  18  and  19  feet  dredged,  and 
vessels  of  20  or  21  feet  navigate  through  it.  It  closes  over  three 
feet  of  this  dredged  wake;  but  the  passing  vessel  slides  through 
it  as  if  it  were  water  or  slush. 

In  short,  such  io  the  unconsolidated  condition  of  the  channels, 
about  the  bars  and  the  river's  mouths,  that  the  deepest  and  most 
thorough  dredging  leaves  but  temporary  increased  depth  of  chan- 
nel.''* Such  is  the  semi-fluidity  or  dough-like  consistency  of  the 
materials  of  the  bars  and  bank  out  at  sea,  that  the^'  close  over  the 
wake  of  a  vessel  that  has  "wallowed"  through  several  feet  of 
their  mud-bottom  and  channels — in  an  hour's  time,  after  their 
passage  ;  and  in  a  few  days  restore  the  normal  depth,  where  three 
or  four  feet  have  been  cut  from  the  bottom. 

'*  We  f^hoiilil  not  omit  to  notice,  tliatthe  soundings  show  hard  bottom  on  the  crest  of 
the  bar  and  even  acr^iss  it,  when  tlic  siirlace  of  the  bottom  only  is  hard,  'ihe  vessels 
plow  tlie  bottinn  in  "wallowing"  through  de|iths  greater  than  the  soundings,  indiffer- 
ent to  tlie  fact,  if  the  bottom  has  been  dreilged.  The  sand  may  have  swept  along  over 
it,  anil  Iclt  the  surface  coated  with  sand,  so  that  the  lead  strikes  it  as  "hard."  J5ut  tlie 
mud  beneath  is  not  yet  consolidated,  —  has  not  had  the  water  extruded  from  it,  that 
was  mixed  into  it  by  the  pad  lies  of  the  flredije,  and  the  vessel  passes  through  easily 
(or  with  difficulty)  to  the  sea  or  to  the  river. 
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Segregation'  of  Silt  ^Iatter. — A  very  marked  sefirPG::ilioii  of 
silt  material  forming  the  bars  takes  place  on  its  arrival  at  the 
mouths. 

The  chemical  effect  of  admixture  of  the  chloride  of  sodium  in 
the  sea  water  is  to  curdle  and  precipitate  the  matter  held  in  solu- 
tion and  suspension,  and  to  throw  it  down  upon  tiie  bottom. '^ 

The  particles  of  aluminous,  argillaceous,  or  chiye}'  matter,  pos- 
sess adhesive  properties  to  a  degree  that  makes  them  attach  them- 
selves to  any  matter  already  on  the  bottom,  to  a  degree  that  renders 
them  immovable  b}-  the  ordinary  (or  extraordinary)  currents  at 
the  bar.  The  water  glides  over  the  soft  mass  at  the  bottom  as  if 
it  were  soap,  without  making  the  least  impression  upon  it. 

The  sandy  particles,  on  the  contrary,  are  not  affected  by  the 
chemical  causes  that  precipitate  the  claye3'  matter.  Nor  do  they 
adhere  when  the}-  reach  the  bottom.  In  passing,  the  sand  adheres 
in  a  ver}-  thin  stratum  that  forms  the  floor  of  the  great  quantity  of 
material  delivered.  A  section  of  the  bar-mud  shows  generally  thin 
laminae  of  sand  separating  the  thick  seam  or  stratum  of  bar-mud, 
blue  or  bluish  cla}',  as  if  the  movement  brought  different  materials  ; 
and  the  thinness  of  the  sand  seams  would  irapl}'  the  eas}'^  transit 
of  sand  over  sand,  as  soon  as  the  first  floor  is  established. 

This  delivery  is  believed  to  l)e  chiefly  in  paroxysms,  or  alternat- 
ing pulsations,  so  to  speak.  The  sand  is  never  or  rarely  held  in 
suspension.  It  glides  or  drifts  along  the  bottom.  On  reaching 
the  bars  these  alternations  occur.  When  the  river,  after  a  period 
of  lower  water,  begins  to  rise  rapidly,  the  energy  of  the  current  at 
the  bottom  is  greatly  increased,  and  the  sand  which  has  rested  or 
lagged  by  the  way  upon  the  bottom  begins  to  ascend  the  inner 
slope  of  the  bars  and  to  pour  over  it  in  profusion.  The  bar,  if  not 
already  coated  with  sand,  soon  shows  hard  bottom,  and  the  delivery 
proceeds  without  obstacle. 

This  process  continues  till  the  accumulation  of  sand  is  nearl}' 
exhausted,  and  the  normal  currents  exist  on  the  bars. 

This  explains  why  it  happens  that  we  have  less  water  on  the 

'*  A  series  of  experiments  marie  by  the  writer,  in  very  great  minibers,  give  the  follow- 
ing results,  they  being  fair  saniples  of  the  series.    March  1.')  lo  March  20, 18T(i:— 

A  sample  of  river  water  taken,  2  gallons  in  a  jar.  When  first  taken,  I  could  sec  in 
it  \:1  inches.  After  standing  4  days  I  could  see  4.1  inches.  1  then  stirred  hall  a  pint  of 
sea  water  into  the  2  gallons.  I  measured  immediatel}',  and  could  see  1.2  inches  as  be- 
fore. In  12  hours  I  could  see  4.1  inches;  and  again  in  2  hours  alter  stirring,  I  could  see 
2.5  inclies,  and  in  12  hours  I  could  see  5  inches.  I  repeated  with  2  ounces  of  salt,  with 
about  the  same  result. 
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bars  in  high  water.  It  is  because  of  the  delivery  of  an  extra 
amount  of  sand. 

The  anmuut  of  sand  is  believed  to  be  largely  in  excess  of  the 
clayey  matter;  but  from  its  fineness  and  freedom  from  tenacity  it 
is  easily  moved  forward  and  distributed  over  the  Gulf  bottom,  by 
the  tidal  and  wind  currents,  that  are  shown  to  reach  considerable 
depths. 

Distribution. — This  distribution  is  twofold.  The  one  described 
above  disposes  of  the  sand  on  the  two  banks  and  on  the  bottom 
seaward.  The  other  boars  onh'  the  lighter  matter  farther  to  sea  ; 
by  holding  it  in  suspension,  and  keeping  it  from  contact  with  the 
salt  water,  the  lightness  of  the  fresh  water  keeps  it  on  the  surface, 
where  it  graduull}'  thins  out  as  it  goes  farther  to  sea.  It  is  com- 
monly seen  20  miles  and  occasionally  40  or  oO  miles  to  the  leeward 
of  the  several  mouths. 

And  this  process  continues  till  the  whole  bod}'  is  finalh'  mingled 
with  the  salt  water  and  loses  its  aluminous  (and  finest  sand) 
material.  Several  days,  probably  five  or  ten,  elapse  before  the 
water  is  relieved  of  its  turbid  burden.^'' 

Samples  of  the  Bottom. — The  samples  of  the  bottom,  taken 
up  in  the  coast  survey,  demonstrate,  when  added  to  the  soundings 
taken  about  the  mouths  of  the  river  by  the  various  U.  S.  Engi- 
neers and  assistants,  how  ample  and  how  extensive  are  the  contri- 
butions forming  the  gentl}-  sloi)ing  Gulf-shores  and  proximity  for 
miles  in  front  of  the  emerged  delta.  This  alone  is  147, miles,  in 
the  breadth  of  its  sea-front. 

"Wherever  the  blue  mud  is  reported,  from  the  Galveston  Ba)' 
front  to  the  vicinity  of  Ship  and  Dauphine  Islands,  this  reports 
the  Mississippi's  delivery  of  its  annual — its  perennial  contribu- 
tions. 

The  Alabama  river's  contributions  seem  to  have  covered  the 
white  and  yellow  sand  and  clays  of  the  "  Oiange  Sand"  group,  in 
its  outcrop  in  front  of  the  INIississippi  Sound,  in  some  places.  But 
farther  out  to  sea  the  appearance  occasionally  of  the  blue  mud  will 
announce  the  presence  of  the  mud  from  the  Mississippi. 

'«  During  crevasses  of  suninier,  I  have  often  seen  the  turbid  water  embayed  out  of 
the  reacli  of  circulation,  holding  the  last  particles  of  sediment  weeks  after  leaving  the 
river.  The  last  shade  is  decidedly  bluish,  and  suggests  the  blue  clay,  as  do  the  samples 
wc  have  tried  so  often  in  the  laboratory. 

This  is  familiarly  known  as  forming  the  bottom  of  our  ponds  and  cypress  swamps, 
throughout  the  alluvion. 
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Geology  of  the  Depth.  —  The  enormous  gorge,  or  bay,  that 
appears  to  have  existed  in  the  Geolog:ical  formations  of  tliat  part 
of  I  he  coast,  lying  in  front  of  the  Mobile  Bay  and  Sania  Rosa 
Sonnd,  is  not  perfectly  understood  ;  that  is,  whether  it  is  merely 
a  depression  in  the  Super-tertiary,  or  whether  it  cuts  down  into 
and  through  the  Tertiary  beds  below. 

In  either  case  the  Super-tertiary  —  that  is  the  "Drift"  and 
"  Orange  Sand"  —  seems  to  commingle  with  the  Mississippi  mud 
in  the  samples  examined,  and  is  found  to  prevail  in  them,  till 
far  to  sea. 

Such  is  not  the  case  with  the  deposit  beneath  the  sea  in  the 
Caillou  and  Galveston  Plateau.  It  is  immerged  Mississippi  mud  ; 
and  towards  the  outlet  at  Florida,  even  in  the  profound  depth  of 
0,000  and  10,000  feet,  the  alluvial  material  has  reported  the  nature 
and  extent  of  this  distribution. 

^luD  Lumps.  —  Along  the  outer  channel,  and  upon  their  bars, 
there  occur  frequently  during  the  liigh  water  period,  and  occasion- 
ally in  low  water,  upheavals  of  the  alluvial  bottom  of  the  Gulf,  of 
various  dimensions,  from  a  few  feet  (say  30)  in  diameter,  to  five 
and  ten  acres  in  area;  and  rising  often  to  ten,  sometimes  fifteen 
feet  above  the  Gulf  level.  Tiiey  have  acquired  the  expressive  and 
descriptive  name  of  Mad  Lnmjys. 

Their  shape  is  generally  spheroidal ;  never  angular,  except  in 
great  movements.  They  are  unannounced  by  phenomena,  but 
come  with  force  incalculable.  Tlieir  depth  is  unknown,  though 
often  sounded  20  or  30  feet,  once  90  feet,  without  any  symptom  of 
bottom. 

Their  rate  of  elevation  is  generally  slow,  though  in  occasional 
instances  they  rise  in  a  few  hours,  or  a  single  night.  Many  of 
them  never  reach  the  surface  of  the  water ;  many  expend  their 
force,  and  sink  back  to  their  level ;  and  most  of  them  form  perma- 
nent additions  to  the  main  walls  of  the  channel,  and  ultimately  of 
the  emerged  surface  of  the  land. 

All  these  elevations  above  the  alluvial  surface  of  the  country 
are  marked  by  cones  and  orifices  on  their  surfaces,  sometimes 
two  or  three  feet  in  dimensions,  —  whence  issue  salt  water  and 
whitish  clay,  accompanied  by  gas  jets,  sometimes  of  considerable 
volume.  These  jets,  and  mimic  craters,  ultimately  expire,  and  the 
waves  wear  down  the  lumps,  or  they  sink  by  their  own  specific 
gravity,  to  the  level  of  the  main  shore. 
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The  mud  htvips  mc  iniiinly  of  tenacious  clay,  precisely  like  the 
bar  imul ;  Uiou|^l»  often  moio  i)nrely  aiiiininous  clay. 

Tlie  ijas  (listhargctl  is  always  tbc  marsh  <ias  of  the  country  ;  not 
rich,  hilt  a  carhuretted  hydrogen  that  hums  with  a  dim  flame,  and 
continues  at  times  for  hours,  though  generally  the  supply  is  inter- 
mittent. 

Various  hypotheses  have  been  started,  and  new  ones  continue 
to  be  presented,  in  explanation  of  the  phenomena.  None  of 
these  appear  to  me  to  account  for  the  phenomena  so  entirely 
as  that  submitted  by  me  soon  after  my  first  visit  and  exami- 
nation, in  1850. 

This  hypothesis  rests  upon  geological  consideration,  imputing 
the  elevations  to  hj'drostatic  pressure, —  to  springs  having  the 
artesian  character. 

Mud-lump  Theory.  —  In  the  nearest  uplands  in  Louisiana  and 
Mississippi,  the  "Drift-beds,"  or  diluvial  formations,  known  as 
the  ''Orange  Sand,"  have  considerable  depth,  20'  to  180',  and  ex- 
tend over  a  large  portion  of  the  upland  of  the  states  of  Missis- 
sippi and  Louisiana. 

In  these  beds  there  lie,  chiefly  at  the  base  of  the  formation, 
great  strata  of  pebbles  and  gravel  ;  and  wherever  these  beds  are 
cut  l)v  streams,  or  penetrated  by  wells,  they  yield  water  abundantly. 

They  bear  the  rain  water  that  falls  on  the  surface,  and  discharge 
it  freely  wherever  exposed  and  wliere  not  absorbed,  and  bear  it 
to  the  l)ott(>ni  of  the  beds,  or  to  the  sea. 

This  '-Orange  Sand,"  or  '"Drift,"  passes  beneath  the  other  beds, 
the  Bluff-formation,  and  the  Port  Hudson  group;  and  extend  be- 
neath the  alluvion,  discharging  their  waters  into  the  Gulf  basin, 
wherever  the  outcrop  may  be. 

If  we  assume,  as  shown  in  our  analysis  of  the  Gulf  basin,  that 
the  depths  were  continued  across  the  Delta,  including  Lake  Pont- 
chartrain  and  New  Orleans,  and  that  the  contributions  of  alluvial 
matter  by  the  Mississippi  river  have  filled  the  basin,  and  projected 
the  shore  submerged  beyond  the  mouths  of  the  stream  to  the 
depths  measured  bj'Talcott,  some  eleven  miles,  say  900  feet  deep  ; 
then,  the  bottom  of  the  original  Gulf  is  at  least  800  feet  beneath 
the  present  delivery  about  the  mouths.  The  margin  of  the  deep 
water  is  found  in  the  Gulf  soundings  along  about  that  distance 
out,  for  an  hmidred  miles  east,  and  two  hundred  miles  west  of  the 
Delta  projection.      Now  the  Orange  Sand  cropped  out  upon  this 
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slope,  and  was  near  the  surface  ;  perhaps  oO  to  100  feet  below  ihe 
surface  at  the  outer  curve,  the  uplands  of  Lake  Pontcliarlrain. 

The  springs  are  covered  and  choked  hy  the  tenacious  clays, 
thrown  down  in  abundance  about  the  mouths  of  the  river.  Thus, 
whenever  one  of  the  sul)torrancan  rills  is  choked  by  these  mud 
depositions  (which  must  occur  in  legions),  it  begins  to  inject  its 
waters  between  the  lamina  of  the  alluvial  bar  mud,  and  to  press 
for  discharge,  with  a  lifting  power  equal  to  the  number  of  square 
inches  of  its  surface,  multiplied  into  15  pounds  for  every  33  feet 
of  elevation  of  its  source.  The  tenacity  of  the  mud  or  clay  pre- 
vents rupture,  np  to  the  point  of  elevation  observed,  when  the 
flexure  of  strata  ruptures  the  seams,  and  gives  escape  to  the  waters 
and  gases  confined. 

The  source  of  this  power  in  the  pebble  strata  at  Natchez,  and 
especiall}'  at  Ellis  Cliffs,  rises  to  loO  feet  above  the  sea  level.  In 
a  large  portion  of  Mississippi  and  Louisiana  both  east  and  west 
of  the  river  the  same  is  true,  and  whenever  cut  down  low  enough, 
the  springs  ai)pear,  and  the  lifting  power  reaches  an  enormous 
figure,  adequate  to  the  phenomena.  The  theory-,  then,  assigns  aa 
adequate  cause  and  claims  to  account  for  the  phenomena. 

The  mud  lumps  have  salt  water  in  their  craters,  said  at  times  to 
be  denser  than  sea  water.     This  is  doubtful,  yet  possible. ^^ 

The  line  of  salt  springs  appears  in  a  large  area  of  upper  Lou- 
isiana. They  dip  down  with  the  drift  and  Orange  Sand,  and 
probably  discharge  some  of  their  saline  springs,  about  the  mouths 
of  the  Mississippi  River.^^ 

Gkological  Fkatlrks  of  the  IIydrografhic  Basin  of  the 
Gulf. —  We  know  that  the  earth's  surface  has  been  subject  to 
an  alternation  of  elevation  and  depression  :  and  that  this  has  very 
quietl}'  changed  the  location  of  its  bays  and  seas,  its  gulfs  and 
even  its  oceans ;  so  that  their  present  locations  are  but  tempo- 
rary, geologically  speaking.  In  this  respect  the  Gulf  of  Mexico 
is  no  exception  ;  but  wears  upon  its  surroundings,  written  in 
rocks,  soils  and  claj'S,  mineral  and  animal  remains,  the  indelible 
history  of  its  own  mutations  and  experiences. 

"This  tlicorv  of  miKl  lumps  and  their  cause  was  read  before  the  Academy  of  Sci- 
ences in  New  Oilcans,  and  variously  puljlished  for  many  years. 

"Since  the  remarkable  movement  in  I'ass  a  rOutre,  in  April,  1875,  and  subsequent 
phenomena,  the  suggestion  by  Major  C.  W.  Howell,  of  the  U.  S.  Engineers,  of  a  Glacial 
(for  want  of  a  belter  term),  or  sliding  movement  outward,  is  one  I  yicM  to  as 
highly  probable.  It  does  not,  however,  conflict  with  my  theory,  but  aids  it  in  the 
cutting  oflf  of  submerged  channels,  and  rendering  necessary  these  upheavals. 
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Most  of  those  li:iv('  been  roa-l  and  tr;inslat('(l  hy  abler  slnrlonts. 
All  lioiior  to  their  labors.  Tiie  writer  lias  now  been  for  more  than  a 
third  of  a  century  tossinj;  his  pebbles  into  their  baskets,  and  reading 
and  writinii  the  nionosylialiles  of  this  ''Testimony  of  the  rocks." 

From  liartram  in  1770,  down  to  Ililganl  in  1871,  and  Howell  in 
187^,  our  contributors  directly  and  indirectly  to  this  now  ponder- 
ous volume  of  histoiy,  may  be  numbered  i)y  scores. ^^ 

To  descril)c  and  enumerate  tlie  geological  beds  which  have  their 
remains  and  ages  detenuined  along  the  river  valley.  I  shall  assume 
the  natuial  order,  and  mention  them  generally,  without  holding 
myself  bound  to  give  details,  or  to  account  for  exceptions. 

These  geological  beds,  each  representing  an  unmeasured,  and 
perhaps  immeasurable  lapse  of  time,  all  dip  down  not  nnconform- 
ably  towards  the  Gulf,  whose  waters,  lying  probably  in  their  pres- 
ent bed,  have  been  contracted  and  crowded  on  all  their  sides  but 
the  south,  until  they  now  lie  in  this  pyroidal  shape,  at  the  foot  of 
the  slopes,  and  are  called,  "The  Gulf  of  Mexico." 

SuBMKRGED  Alluvion  AND  Bars. —  Xortli  of  the  Gulf,  and  for 
an  hun(h-ed  miles  to  the  west,  and  fifty  miles  to  the  east  of  the 
Mississippi's  mouths,  above  the  sea  level,  and  600  miles  in  length 
of  Delta,  and  one  hundred  or  more  beneath, —  lie  the  great  alluvial 
dei)osits,-'^  the  greatest  known  to  Physical  Geography. 

From  the  mouth  of  East  Pearl  River,  longitude  89°  30'  west,  to 
the  mouth  of  the  Vermilion,  92°  71'  west,  lies  the  alluvion  of  the 
Mississippi  Delta  proper ;  and  thence  to  about  ten  miles  west  of 
the  Sabine's  mouth,  longitude  94°  07',  or  120  miles  farther  west, 
the  marsh  alluvion  has  a  varying  breadth  of  10  to  25  miles. 

1'  I  ivill  name,  in  oriler  us  Uiey  recur  to  my  memory,  tliose  who  have  materially  con- 
triljiitod  to  the  work,  and  nea)-ly  all  of  whose  labors  have  been  personally  known  to  me. 

Professors  of  the  Ohio  corps  of  Ueologists,  MaUier,  Whittlesey,  Ilihlreth,  Locke, 
Kirtland  ami  Foster.  Concurrently,— Feathei-stonhaugh  and  Ov,en,U.  S.  Geologists; 
Troost  of  Tennessee,  and  IJyrani  l^awrence,  of  Kentucky  and  Arkansas;  Uiddell,  Hale. 
Carjientei,  Trastour  and  Korshcy,  of  the  Louisiana  coips,  1S41.  All  these  made  their 
marks  jirior  to  18i:5.  Then  came  Sir  Charles  Lyell,  in  ISf 5,  and  the  Shumards.oiieratlng 
from  Oregon  to  Texas,  as  U.  S.  Geologists.  From  this  date  forward,  the  aids  to  the 
same  laborers  and  their  successors,  are  too  numerous  to  mention. 

-"So  other  considerable  alluvions  encroach  upon  the  Gulf,  restricting  its  waters. 

The  elegantly  curved  outline  of  the  Gulf,  from  the  Appalacliicola  Bay  to  the  Rio 
Grande,  seems  only  disturbed  by  the  great  alluvion  of  the  Mississippi  Delta. 

The  Mississippi  is  the  only  sediment-bearing  river  except  in  freshets,  in  the  whole 
watershed  of  the  gulf.  Hence  the  Gulf  is  not  rapidly  rece;ving  contributions  from  the 
other  streams,  though  twenty  considerable  river.s  empty  their  waters  within  U.  S.  Ter- 
ritory, from  Ai)palachic.ola  Bay  to  the  Rio  Grande;  and  twenty  small  riveis,  including 
the  Tuspan,  Panuco,  the  Coatazacoakos,  and  the  Tabasco,  enter  from  M  xico  and 
Yucatan,  the  last  two  with  small  Deltas,  the  others  almost  without  theiu. 
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Ascending  the  allnvinl  bed  (called  the  "Delta")  it  is  rapidly 
contracted  to  a  width  of  40  miles,  —  say  from  Opelousas  to  Port 
Hudson,  140  miles  above  New  Orleans;  and  thence  to  Cape  Gir- 
aideau,  in  the  state  of  Missouri,  it  has  a  changing  breadth  of  30 
to  110  miles;  and  a  total  area  of  38,70G  square  nnles,  in  which  it 
lies  in  the  bed  of  the  former  Gulf.  It  has  a  variable  depth  prob- 
ably nowhere  above  latitude  30°,  much  deeper  than  the  greatest 
depth  of  the  river  channel,  80'  to  150'.  Towards  the  river's  mouth 
the  alluvial  depths  are  unknown.  In  the  late  borings,  made  by 
the  -writer,  between  the  English  Turn  and  Lake  Borgne  (12  miles 
below  New  Orleans)  to  the  depth  of  100  feet,  marine  shells  were 
found  in  several  of  them  at  the  depth  of  60  feet,  and  in  two  in- 
stances the  white  sand  of  the  pine  woods  (?),  possibly  of  the  sea, 
at  70  to  80  feet.  Some  of  the  shells,  however,  were  found  in  allu- 
vial material,  as  if  the  marine  shells  inhabited  it  while  the  alluvion 
was  forming  ;  the  borings  about  the  mouths,  of  100  feet,  having 
found  no  indications  of  other  formation  than  alluvion. 

It  is  highly  probable,  as  shown  above,  that  the  alluvial  beds 
here,  and  south  of  latitude  30°,  fill  a  much  deeper  bed  of  the 
Gulf,  especiall}'  westward  to  Last  Island,  and  far  beyond.  The 
alluvial  materials,  brought  up  by  the  coast-survey  dredges,  show 
that  the  ten-fathom  line  is  in  alluvion  from  Vermilion  to  Pearl 
River,  and  Chandeleur.  They  further  show  that  the  same  material 
covers  and  forms  the  bottom  of  the  Gulf  for  man}'  miles  and  to 
great  depths,  spreading  fan-liUe  ;  and  continual  accretions  from  the 
river  occur  at  a  measured  rate  that  would  build  a  block  of  one  mile 
square,  241  feet  in  height,  yearly,  as  shown  b}'  the  Delta  Survey  ; 
and  an  unmeasured  quantity  which  I  put  vaguely  at  three  times 
that  amount,  or  a  quantity  to  build  three  such  columns  of  sedi- 
nientar}'  materials  drifted  out  on  the  river  bottom. 

Long  prior  to  the  present  alluvial  era  through  several  consec- 
utive and  alternating  geological  eras,  the  drainage  of  the  present 
Mississippi  Valley  has  been  along  the  same  valleys,  by  currents 
and  torrents,  and  rivers  of  vastly  greater  volume,  down  towards 
the  present  great  reservoir,  the  Gulf  of  Mexico.  A  gradual  eleva- 
tion of  the  beds  in  which  the  alluvion  has  been  cast,  after  the  river 
has  carved  its  valley  through  them,  has  left  the  Gulf  with  its  pres- 
ent margin  only  indented  and  invaded  by  the  projection  of  this 
alluvion,  below  latitude  30°  21',  as  described  above. 

The  Slope  of  the  Delta,  Geologically  considered.  —  This  it 
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is  believed  has  never  siidered  an}'  considerable  disturbance  since 
it  assumed  its  present  bed.  It  now  inclines  somewhat  uniformly, 
across  8°  8'  of  latitude,  or  564  statute  miles,  with  a  total  eleva- 
tion of  322  feet  and  a  mean  slope  of  threc-tenllis  of  a  foot  (.3') 
to  the  mile  of  channel,  or  about  six-tenths  (.6)  of  a  foot  to  the 
mile  of  latitude. 

The  only  geological  cataclysm  that  has  occurred  in  its  histor}', 
so  far  as  recorded,  is  that  of  the  New  Madrid  eailhqiialve,  in  1«1 1- 
12.  Tliis  is  marked  b}'  some  sunken  lakes  only  three  or  four  feet 
in  dei)th,  and  some  50  or  70  miles  in  length  in  the  western  part  of 
the  Delta  Basin. 

But  on  both  sides  of  this  Delta,  the  formations  it  cuts  through 
lie  consecutively:  the  BlufT  Formation  of  some  80  feet;  the  Port 
Hudson  of  180  feet ;  the  Orange  !Sand  of  some  250  feet,  embracing 
the  Azoic,  or  life  excluding  Grand  Gulf  beds.  All  these  may  be, 
and  are,  classed  as  quaternary',  or  Post-tertiary  beds.  Their  ag- 
gregate thickness  is  probably'  not  less  than  700  feet. 

Beneath  these,  but  gradually  rising  in  its  place  lies  the  Eocene 
Tertiary,  with  its  vast  distribution  of  Marine  Fossils  ;  and  then, 
coming  to  light  beneath  these,  the  Cretaceous  beds.  These  extend 
from  about  latitude  34°  (  ?)  on  the  east  side  of  the  Delta ;  and 
33°  (?)  on  the  west  side  with  many  interruptions,  especially  of  the 
Bluff  or  drift-beds,  to  the  head  of  the  Delta  about  Cape  Girardeau, 
in  latitude  38°  8'  north. 

Here,  about,  the  Carboniferous  rocks  come  up  from  beneath, 
and  rise  to  some  300  feet  in  the  next  100  miles. 

These  formations  completely  limit  the  alluvial  area  termed  "the 
Delta."  But  through  them  all,  the  river  erosions  from  above  have 
brought  down  their  contributions  and  cast  them  into  the  Gulf; 
and  century  after  ccntur}-  have  driven  ])ack  the  waters  of  the  basin  ; 
while  the  whole  slope  of  the  greater  valley  across  fifteen  degrees 
of  latitude  came  swelling  up  from  the  depths. 

This  last  elevation,  after  alternations  indefinite  and  periods 
incalculable,  still  leaves  a  drainage  for  the  Mississippi  from  an 
area  of  1,317,000  square  miles,  and  other  streams  contribute  to 
the  basin  844.000  square  miles  ;  thus  limiting  the  vast  watershed 
of  the  great  Gulf  of  Mexico.  These  suras  added  will  give  an  area 
of  2,161,830  miles  in  addition  to  the  area  occupied  by  the  Gulf 
itself  which  is  estimated  as  covering  600,000  square  miles. 

Into  this  huge  basin  the  raius  of  the  watershed  are  drained  by 
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its  rivers.  That  river  that  passes  at  our  feet,  the  great  jMississippi, 
pours  more  than  two-thirds  of  tlie  whole  vohiine  into  the  Gull". 

To  the  inexorable  erosions  of  this  vast  watershed,  the  great 
chasm  is  indebted  for  its  gradual  but  ultimately  certain  reclamation 
from  the  dominion  of  the  sea. 

Limit  of  the  Watershed,  North  and  South. —  The  northern 
boundary  of  the  Mississippi  Valley  encroaches  so  closely  upon  the 
maigins  of  the  great  lakes  of  the  north  ;  and,  west  of  them,  cuts 
abnormally  the  streams  manifestly  long  flowing  into  the  Gulf,  as 
to  impress  the  conviction  of  a  general  elevation  of  the  country 
along  the  present  limits  of  drainage,  and  a  rupture  of  the  streams 
and  drying  np  of  the  valleys  ;  and  a  lifting  u[)  1000  or  loOO  feet, 
of  the  beds  of  former  streams. 

The  entire  hydrographic  basin  of  Lake  "Winnipeg,  and  the 
lakes  of  the  U.  S.  and  Canada  that  are  draineil  by  the  St.  Lawrence, 
except  perhaps  Ontario,  was  tributary  to  the  Southern  Mediterra- 
nean prior  to  this  elevation.  The  marks  of  former  rivers,  of  great 
volume,  and  of  wide  and  deep  valleys,  are  unquestionable  testi- 
mony.-^ 

The  elevating  process  seems  not  yet  completed.  A  very  large 
district  tributary  to  Lake  Winnipeg  and  indeed  from  the  very 
summit  of  the  country- ;  the  Red  River  of  the  North  with  its  vicin- 
age has  such  vast  plains  of  level  marshy  surface, as  to  be  uninhab- 
itable ;  and  in  all  seems  to  argue  the  gradual  elevation  of  the  beds 
and  depression,  perhaps,  of  the  basins. 

A  similar  emergence  of  the  shores  of  the  Gulf  of  Mexico,  along 
its  whole  northern  and  western  border,  would  seem  to  confirm  the 
hypothesis  of  a  general  elevation  still  in  progress,  and  the  pros- 
pect that,  in  the  lapse  of  future  centuries,  the  summit  level  may 
be  entirely  reclaimed  from  the  marshes  and  the  lakes. 

Human  Epoch. — Man  was  not  introduced  upon  this  portion  of 
the  planet,  until  late  in  the  progress  of  these  stupendous  changes. 

During  the  lapse  of  time  between  the  emergence  of  the  floods 
of  the  Glacial  and  the  Drift  ages  when  the  bluffs  were  being 
deposited  by  the  more  tranquil  seas,  and  when  the  mastodon, 
manmioth  and  megatherium  were  browsing  upon  the  forests  of  the 

'1  See  Genl.  G.  K.  Warren's  essay  upon  this  subject  pnblislictl  l)y  the  war  dcpartnieiu, 
in  1874.  .1  iiapcr  of  niiic-h  instniftioii  and  ability— as  to  tin;  .•-omce  and  valleys  of  llie 
Jlinnesot-i,  the  Dcs  Plaines  and  Illinois  and  Fox  Itivcrs.  My  own  explorations,  exceiil 
as  to  the  Fox  River,  confirm  these  views  and  conclusions. 
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vjilloy,  ninn  also  came  ainonp;  tliom.  lie  soon  exhibited  his  mastery 
of  the  <!;i:int8  of  tiie  animal  creation  by  slaying  the  monsters  of  the 
land  for  food. 

Testimony  of  his  residence  in  many  places,  for  example,  about 
the  northern  shore  of  Lake  Pontchartrain,  and  npon  an  island 
then  of  the  sea  now  known  as  part  of  the  mainland,  called  Petite 
Anse,  there  exists  a  profusion  of  the  vestiges  of  his  works.  His 
arrows,  his  axes  of  stone,  his  iiearths  for  cooking,  his  bones  of 
slain  mastodons,  and  other  animals  with  tlie  marrow  extracted, 
are  fonnd  in  the  i)iles  of  shells  that  ages  have  accumulated,  or 
in  the  "Licks"  that  attracted  these  animals  about  the  salt  rocks 
then  probal)ly  lying  bare.  These  resorts  invited  the  daring  hunter 
to  seek  the  game  at  the  salt  springs  where  these  huge  monsters 
congregated  for  the  salt  waters  and  sweet  clays  found  there. 

From  that  period  to  the  present  time  mankind  has  grown  bolder 
and  more  enterprising.  He  has  mastered  every  animal  that  walked 
the  green  earth  as  his  enemy  or  his  companion  ;  has  survived,  by 
his  superior  intelligence  and  ingenuity,  the  vast  cataclysms  that 
have  swept  Avhole  races  from  the  earth. 

Step  by  step  his  own  race  has  aspired  to  supremac}- ;  has,  at  va- 
rious periods  by  its  arts,  reduced  the  fair  earth  to  deserts,  and 
again  restored  them  to  fruitful  fields  and  to  civilization  ;  each  suc- 
cessive race  surpassing  its  predecessor  and  growing  more  and  more 
dauntless. 

The  subjugation  of  the  powers  of  nature  alone  seems  now  to  in- 
vite his  genius  and  skill.  And  in  this  august  field  he  has  girdled 
the  mountains  and  continents  with  iron  bands,  and  installed  in 
harness  of  steel  and  steam  his  draft-horse  and  courser.  He  has 
lashed  his  network  of  wires  and  cables  round  the  oceans  and  the 
tarlh,  that  with  the  very  lightnings  of  heaven  he  speaks  to  the 
antipodes,  announces  his  achievements  and  proclaims  his  triumphs. 
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ADDENDUM. 


[The  following  t.ible  was  received  from  Professor  Forshey  too  late  to  be  inserted  in 
its  proper  place  in  tlie  text.— Editor.] 

Cross  Sections  of  tlie  Mississippi  River,  including  a  distance  of  14  miles  of  rivci 
c'hnnnel,  above,  in  front  of,  and  below  New  Orleans.  Sounded  and  measured  at  inter 
vals  of  21  and  22  years  (18.")0  and  18.J1,  and  in  1872),  on  the  same  lines,  by  Caleb  G 
Fors-hey,  Civil  Engineer.— From  Dayletfs  discussion  of  Levees,  tn  Sac.  Amer.  Engineers. 


SXIR-V^EY. 

b.  Si 
^5 

i.1 

1850-51 

1872 

DIFFER- 
ENCE. 
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188,160 
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197,914 
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172,125 
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193,875 

235,228 
221,072 

+  6,926 

—  581 
+  20,084 

+  5,877 

+  1,727 
+13.728 
+  7,656 
+  10,.Jl(; 

-  2,119 

+  16,907 

+28,512 

+  5,040 

+  11.092 
+  7,043 

(  Upper  line  of  Preston  B.nse,  Delta  Survey, 
1     one  mile  +  above  Carrolltou.    (A). 

—Lower  line  of  same,  400  ft.  below. 

—Upper  end  of  Prime  Base.    (B). 

_  j  Upper  end  of  ordinary  Prime  Ba.ie  of  Hydro- 
(     nietri<;  operations  of  Delta  Survey. 

-Lower  end  of  same,  200  ft.  long.    (C). 

—Upper  end  of  Race  Course  Base.    (D). 

—Lower  end  of  Race  Course  Base,  400  ft.  long.  (E). 

—Upper  end  of  Base  at  Canal  Locks.    (F). 

—Lower  end  of  same,  400  ft.  long.    (G). 

f  Mean  of  sections  at  Fisk's  Warehouse,  and 

—  }     Steam-ship  Lancling,  compared  with  sec.  at 
(     Jackson  St.,  1872. 

—Race  St.,  1850,  Virginia  Press,  1872.    (H). 

J  Canal  St.,  1850,  compared  with  Poydras,  1872. 
-\     (P&C). 

—Place  d'Armes,  and  Jackson  Square.    (J). 

-  Louisa  St.,  1872,  &  Lower  Cotton  Press,  1850.  (L). 

MEAN. 

186,000 

195,525 

+  9,529 
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"Wind  vant.  Rotations.  By  J.  AV'.  Osboune,  of  Washington,  D.  C. 

TiiK  opinion  is  very  generally  held  by  meteorologists,  that  the 
direction  of  the  wind  for  any  particular  locality,  while  oscillating 
conliiuiously  and  veering  from  point  to  point,  completes  a  larger 
nund)er  of  entire  revolutions  in  one  direction  than  in  the  other. 
The  number  of  these  preponderating  revolutions  is  believed  to  be 
small,  but  tolerably  constant;  amounting  to  ten  or  twelve  in  the 
year  for  places  in  the  temperate  latitudes.  Their  direction  in  the 
northern  hemisphere  is  with  the  hands  of  a  watch;  while  south 
of  the  equator  the  rotation  is  in  the  opposite  sense. 

The  method  hitherto  emi)loyed  to  investigate  this  subject  has 
been  to  note,  from  the  readings  of  the  wind-vane,  the  amount  of 
shift  from  one  observation  to  the  next  following,  throughout  the 
series  ;  expressing  each  in  degrees,  and  calling  the  change  when  in 
one  direction  (usually  that  of  the  watch)  positive,  and  in  the  other 
negative.  The  sum  of  the  arcs,  divided  by  360,  gives  the  number 
of  })rcponderating  rotations,  with  its  appropriate  sign. 

It  will  be  seen  that  the  accuracy  attained  by  this  method  de- 
pends upon  the  frequency  of  the  observations,  and  upon  their 
correctness.  Also,  that  the  gratuitous  assumption  must  be  made, 
that  in  changing  from  one  point  of  the  compass  to  another,  the 
vane  always  passes  over  the  smaller  arc:  those  of  180°  being  of 
course  lost.  In  most  meteorological  observatories,  the  times  for 
observing  are  several  hours  apart,  and  the  intervals  are  also  of 
irregular  duration.  The  directions  of  the  wind  are  very  frequentlj' 
obtained  from  heavy  vanes,  seriously  retarded  by  friction.  Even 
with  such  appliances  efforts  are  not  always  made  to  obtain  a  high 
degree  of  accuracy',  as  in  the  U.  S.  Signal  Service  for  instance,  in 
which  institution  only  eight  points  are  recorded,  whereb}'  a  large 
proportion  of  changes,  involving  180°  is  occasioned. 

Considerations  like  these  suggested  the  question  whether  simple 
mechanical  means  might  not  be  contrived,  b}'  which  to  get  the 
information  sought. 

The  first  and  chief  requisite  was  clearly  a  very  sensitive  vane, 
which  would  take  cognizance  of  the  lightest  winds.  That  finally 
employed  proved  ver}'  satisfactory  in  this  respect,  and  is  con- 
structed as  follows  : — 

The  arm  is  made  of  the  thinnest  sheet  tin  ;  it  is  for  the  most 
part  tubular,  terminating  in   two  short,  broad  blades,  diverging 
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from  each  other  very  slightl}-,  and  presenting  each  of  them  nearly 
a  square  foot  of  surface.  The  total  length  of  this  arm  is  5  feet, 
4  inches,  and  it  weighs  one  pound  only.  It  is  attached  to  a  verti' 
cal  steel  spindle,  and  is  counterpoised  by  apiece  of  lead  at  a  dis- 
tance of  13  inches,  weighing  2J  pounds. 

The  spindle,  I  inch  in  diameter,  runs  through  a  glass  bearing 
close  to  the  vane.  Inside  the  house  its  lower  end  is  pointed  and 
hardened,  and  runs  also  upon  hard  glass.  This  bearing — wliich 
is  cut  away  on  one  side,  for  a  reason  that  will  afterwards  become 
obvious — stands  upon  the  edge  of  a  small  raised  platform,  and  the 
spindle  which  it  supports  carries  a  horizontal  pointer  which  trav- 
erses a  disk,  through  which  the  spindle  passes.  The  disk  is  sup- 
ported a  short  distance  above  the  platform,  and  upon  it  a  circle 
is  drawn,  showing  the  points  of  the  compass. 

Such  is  the  arrangement  used  for  ascertaining  the  direction  of 
the  wind.  To  determine  the  preponderating  rotations,  two  meth- 
ods are  employed  simultaneously  each  possessing  certain  ad- 
vantages. 

The  spindle,  just  above  its  point,  is  provided  with  a  small  con- 
vex pulley  or  boss,  about  f  inch  diameter,  the  surface  of  which 
is  milled.  This  revolves  and  oscillates  with  the  vane  ;  and  against 
its  convex  surface  the  flat  side  of  a  wheel,  22  inches  in  diameter, 
is  pressed,  by  a  spring  bearing  a  friction  pulley  at  its  end.  The 
wheel  is  of  exceedingly  light  material,  weighing  only  a  few  ounces  ; 
it  revolves  in  a  perpendicular  plane,  and  its  axis  is  immediately 
below  the  point  of  the  spindle.  One  revolution  of  the  vane  moves 
it,  forward  or  backward,  the  length  of  the  perimeter  of  the  boss 
at  its  point  of  contact.  There  is  no  slip,  as  the  flat  surface  pre- 
sented to  the  boss  has  paper  pasted  on  it  upon  which  the  milling 
bites.  This  wheel  has  a  cylindrical  edge,  along  which  a  scale  of 
revolutions  and  tenths  is  marked,  and  numbered  both  ways,  which 
appears  through  an  opening  in  the  horizontal  disk,  bearing  the 
points  of  the  compass,  and  an  index  is  provided  to  enable  the 
readings  to  be  made. 

From  this  description  it  will  be  seen  that  the  direction  and 
number  of  revolutions,  positive  or  negative  from  some  starting 
point,  and  the  direction  of  the  wind  as  well,  can  be  ascertained  at 
a  glance  at  any  time. 

The  other  method,  to  which  I  referred,  is  simpler  and  more  ac- 
curate, for  long  intervals  ;  but  not  so  convenient.     It  consists  in 
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attadiinp:  a  lonj:;  piece  of  fine  tliroail  to  any  snitaMc  part  of  the 
iipriulit  spindle,  fastening  a  weight  of  8  or  10  grains  to  tlie  otlier 
end,  and  iianging  it  over  a  little  free  puUc}',  supported  at  a  con- 
venient distance  on  either  side.  As  the  spindle  oscillates  or  re- 
volves, the  thread  is  \voun<l  on  or  off,  and  the  luimber  of  turns  of 
the  latter,  which  appear  upon  it  at  any  time,  gives  the  number  of 
revolutions  the  vane  has  made  from  the  last  start.  This  method 
is  not  practicable  unless  the  spindle  at  the  part  used  be  of  small 
diameter,  not  much  above  ^  of  an  inch.  Both  ways  of  ascertain- 
ing the  number  of  rotations  can  be  used  together  with  advantage; 
the  latter  is  particularly  useful  for  determining  corrections  on  the 
former;  but  it  is  inconvenient  where  frequent  readings  are  desired, 
because  of  the  difficulty  of  counting  the  coils  upon  the  spindle. 

The  results  obtained  from  observations  (four  daily),  made  with 
the  mechanical  appliances  I  have  just  described,  are  remarkable 
and  unexpected.     They  are  as  follows : — 

Wind-vane  Rotations  for  thk  "Weeks  ending 
1877. 


April  21, 

—  43.9 

"     28, 

—  41.6 

May     5, 

—    5.9 

"       12, 

—  21.1 

"       19, 

—    4.4 

"       26, 

—  16.1 

June     2, 

—  17.8 

"        9, 

-f    9.8 

"      16, 

—    7.8 

"      23, 

—  16.6 

"      30, 

-f  29.1 

July     7, 

—    4.4 

"      14, 

—  42.1 

"      21, 

-f    3.6 

"      28, 

—  18.2 

August  4, 

—  34.7 

"    11, 

—  10.7 

"    18, 

—    0.8 

"   25, 

—  13.9 

During  the  19  weeks 

here  recorded. 

16  of  them  gave  prepon- 

derance  of  negative  revolutions,  amounting  in 

all  to  300  ;  while  the 

r 
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other  three  gave  42.5  leaving  for  the  whole  period  —  257.5,  or  an 
average  of  13.53  per  week.  "Whetlier  ihis  very  surprising  result 
may  not  be  conterbalanced  by  positive  revolutions  at  some  other 
time  of  year,  remains  yet  to  be  ascertained. 

It  may  be  objected  that  these  numerous  revolutions  (amounting 
not  unfrequently  to  15,  16,  or  even  more  in  a  single  day)  could  be 
accounted  for  b}'  supposing  vortical  eddies  of  the  wind,  to  act  upon 
the  vane.  In  reply  I  would  say,  that  the  latter  was  raised  about 
6}  feet  above  a  flat  roof  which,  except  the  Capitol,  distant  230 
yards,  was  the  highest  point  on  Capitol  Hill,  Washington.  That 
the  revolutions  may  be  numerous  as  well  as  absent,  in  calm  and 
also  in  windy  weather,  and  that  as  far  as  can  be  ascertained  at 
present,  their  prevalence  or  direction  does  not  depend  upon  the 
presence  of  a  wind  from  any  particular  quarter.  A  study  of  the 
way  in  which  a  revolution  takes  place  will  also  dispel  the  idea 
that  it  is  caused  by  a  vortical  motion  as  we  usually  understand  it. 
The  vane  does  not  go  round  in  one  sweep,  but  its  onward  prog- 
ress is  invariably  interrupted  b}'  many  pauses  and  retrograde 
movements,  occupying  sometimes  several  minutes. 

I  am  far  from  believing,  however,  that  the  construction  of  the 
vane,  and  the  configuration  of  tiie  surface,  do  not  influence  these 
results.  A  vane  which  is  not  delicately  suspended  will  give  much 
fewer  of  them,  and  of  course  if  the  friction  be  increased,  we  shall 
onh'  have  indications  from  the  stronger  winds.  The  weight  of  the 
vane  is  also  an  iinportant  factor  in  this  consideration,  for  the  mo- 
mentum which  it  requires,  in  being  moved  from  one  position  to 
another,  carries  it  beyond  the  point  it  ought  to  reach,  and  if  by 
such  means,  or  partly  b}-  such,  it  traverse  more  than  180°,  and  then 
after  a  period  of  calm  the  leading  current  sets  in  again,  it  will 
complete  the  revolution;  whereas,  but  for  its  momentum,  it  would 
have  returned  over  the  same  ai'C  as  that  it  passed  over  in  its  first 
deflection. 

The  vane  described  in  this  paper  was,  in  relation  to  its  length, 
exceedingly  light ;  but  I  am  convinced  that  its  weight  must  be  still 
greatly  reduced,  and  if  possible  the  counterpoise  dispensed  with, 
to  obtain  the  best  and  most  reliable  results  ;  not  only  as  regards 
the  rotations  I  have  been  describing,  but  for  accurate  determina- 
tions of  the  direction  and  veering  of  the  wind  as  well. 
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Mecuanics    of  the  flight  of  Birds.      By  A.  C.  Campbell,  of 
Nashville,  Tenn. 

The  Monetary  Question.    B3'  E.  B.  Elliott,  of  Washington,  D.  C. 

On  Standard  Time.     By  E.  B.  Elliott,  of  "Washington,  D.  C. 

On  the  Proposed  Modifications  in  the  Metric  Ststem,  in  its 
Introduction  into  the  United  States.  By  T.  C.  Menden- 
hall,  of  Columbus,  Ohio. 

A  Novel  Radiometer.     By  M.  Jeffrey,  of  Lexington,  Ky. 

Remarks  on  the  Three  Meteoric  Stones  which  fell  in  In- 
diana,   Missouri  and  Kentucky,   during   December    and 
January.     B}'  J.  Lawrence  Smith,  of  Louisville,  Ky.     (Read 
in  General  Evening  Session.) 
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The  INIiXERALS  of  a  deposit  of  Antimony  Ores  in  Sevier  County, 
Arkansas.  By  F.  P.  Dunnington,  of  the  University  of  Vir- 
ginia. 

The  antimony  which  is  consumed  in  the  Ignited  States  is  smelted 
in  Europe  from  ores  brought  largel}'  from  Borneo,  and  then  im- 
ported in  tlie  metallic  state  under  a  duty  of  ten  per  cent.  This 
fact  should  give  encouragement  to  developing  any  deposits  of 
antimony  in  this  countiy. 

Previous  to  the  past  year,  I  have  not  been  able  to  find  that  any 
ore  has  been  worked  for  antimony  in  the  United  States,  save  to 
a  small  extent  some  from  S.  California,  a  locality  which  Prof. 
Dana  names,  together  with  one  in  Nevada,  as  the  only  ones  in 
which  Stibnitc  is  found  in  abundance.  Otherwise  this  metal  is 
found  only  in  ores  worked  for  silver,  among  which  I  should  men- 
tion Tetrahedrite  of  the  Kellogg  mine  in  Arkansas. 

During  the  past  year  I  have  received  from  Mr.  C.  E.  Wait,  of 
Little  Rock,  a  number  of  antimony  minerals  from  a  deposit  at 
which  there  is  ore  in  workable  amount,  and  to  him  I  am  also  much 
indebted  for  a  partial  description  of  the  locality  from  which  they 
were  obtained. 

"Within  five  or  six  miles  of  the  northeast  corner  of  Sevier  County 
in  the  southwest  of  the  state  of  Arkansas,  there  was  discovered 
bj'Mr.  Batson  in  1874,  on  the  east  of  the  Cossatot  river,  a  vein 
of  from  four  to  twent^'-four  inches  in  width,  with  strike  N.  13°  E., 
and  dip  almost  vertical.  It  is  known  as  "Antimony  Bluff,"  and 
has  so  far  been  traced  some  four  or  five  miles. 

About  two  miles  east  of  this  the  "Stewart  lode"  was  discovered 
by  Mr.  Joseph -Stewart  in  the  spring  of  this  year  (1877). 

Antiraon}'  Bluff  w'as  first  worked  b}'  the  Little  Rock  Mining  Co., 
in  October,  1876,  through  an  almost  vertical  shaft  from  near  the 
top  of  athigh  bluff  on  a  two  foot  vein  (I  will  designate,  by  numbers, 
the  specimens  of  ore  examined). 

To  a  depth  of  ten  feet  antimony  ochres  Nos.  1,  2  and  3,  were 
obtained  ;  to  twenty  feet  the  vein  continues  transverse  to  the  strata 
of  the  rock,  though  distorted  having  some  glance  (No.  4)  with  the 
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ochre  ;  below  twenty  feet,  the  vein  turns  to  the  general  direction  of 
the  strata  of  the  rock,  and  has  a  slaty  stratum  for  its  hanging  wall, 
being  composed  of  about  equal  parts  of  glance  and  ochre  ;  at  twent}'- 
two  feet,  the  vein  narrows  to  fifteen  inches  the  ochre  continuing 
to  decrease  in  relative  amount  until,  at  thirty  feet,  the  vein  is 
thirty  inches,  and  composed  of  solid  glance  (No.  5)  ;  near  this 
depth  is  a  siile  four  inch  vein  of  No.  G,  and  also  a  six  inch  vein 
of  No.  7  ;  below  this  a  seam  of  fine  grained  sulphide  No.  8,  and 
also  the  specimen  No.  9  were  obtained.  At  my  last  advice  the 
veiii  had  been  opened  to  a  depth  of  fifty-five  feet. 

The  Stewart  Lode  owned  by  Messrs.  Adams,  Bostick  and  others, 
has  not  been  opened  to  so  great  a  depth  ;  a  vertical  shaft  8  X  o 
feet  and  two  drifts  make  it  appear  of  the  same  nature  as  the  former. 
From  this  was  obtained  a  straw  yellow  mineral  No.  10  occuning 
in  very  small  pieces  with  the  antimon}'  ochre. 

No.  1.  Light  yellow  ochre  (ccrvantite)  acicular  earthy  mass, 
with  much  silica  and  alumina. 

No.  2.  Red  orange  ochre  (cervantite)  acicular  earth}'  mass, 
with  small  crystals  of  quartz  and  a  little  glance,  giving  by  fire 
assay  sevent3'-two  percent,  antimony  and  five  ounces  silver  to  ton. 

No.  3.  Orange  ochre  (cervantite)  same  acicular  earthy  mass, 
very  pure :  analj'sis  by  Mr.  J.  R.  Santos,  is  published  in  the 
'•Chemical  News,"  giving  :  — 

Cervantite         .         .         .        96.00 
Silica  ...  .92 

Moisture  .        .         .  3.08 


Specimen  (a)  compact,  gritty, 
Specimen  (6)  very  soft  and  smooth, 

Analysis  by  author  giving :  — 


SbjOs 
Pb  O 
FcaOa 
HaO 
SiOa 


of  lead 

(Binheimite) 

» 

H 

=  3—4. 

smooth, 

G 

=  4.73 

at.  ratio 

49.67 

1533 

40.35 

1809 

2.98 

• 

5.98 

3323 

1.14 

100.12 
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As  the  nature  of  this  species  is  not  fully  understood  it  is  of  in- 
terest to  make  note  here  of  a  fact  in  connection  with  the  formula, 
to  which  this  analysis  of  so  pure  a  specimen  lends  additional  evi- 
dence. Taking  all  the  analyses  quoted  in  Dana's  mineralogy,  des- 
ignated by  the  numbers  there  used,  and  adding  the  analysis  in 
discussion  as  No.  7,  we  have  for  the  ratios  between  the  number  of 
molecules,  making  the  H2O  100  or  200  : 

Nos.     12         5         7  3         4         6 

H2O     r     .     .     .     100     100     100     100         200     200     200 


PbO    .     .     .     , 

Sb.Os       .     .     . 

.       76 
.       27 

72 

42 

54 
40 

54 

46 

66 
41 

63 
39 

55 
44 

Pb04-Sb,05   . 

.     103 

114 

94 

100 

107 

102 

99 

Now  excepting  No.  2  as  containing  some  anhydrous  Pb  O,  we 
note  that  the  number  of  molecules  of  water  is  equal  to  either  once 
or  twice  the  sura  of  the  molecules  of  the  oxides.  And  although 
from  the  analyses  quoted  we  cannot  fix  any  relation  between  the 
oxides,  we  must  recognize  two  subdivisions  of  this  species  as  given 
by  the  expressions : 

(x  Pb  0  +  y  Sb,  O5)  -f  (x  +  y),  H,  O  and 
(x  Pb  0+y  Sb,  05)  +  2  (x+y),  IL  O 

Analysis  No.  7  giving  the  formula 

(Pb  Sba  Oc)  2,  Ha  0+i  Pb  0,  H2  0. 

No.  4.  Large  crystals  of  glance  coated  with  jellow  ochre,  with 
similar  acicular  structure  and  small  crystals  of  quartz. 

No.  5.  Compact  antimon}'  glance  (Stibnite)  of  fine  fibrous  struct- 
ure, a  sample  of  the  ore  which  was  removed  in  lumps  of  200  to 
500  lbs.  almost  free  of  quartz.     G  =  4.498. 

Analysis,  giving : — 


Sb        .         .         .        71.31         /71. 8  by  formula" 
S  .        .        .         28.51 

99.82 


/71.8  by  formula\ 
V28.2  ) 


No.  6.    Compact  fibrous  antimony  and  lead  sulphide  with  some 
quartz  containing  8  oz.  silver  to  the  ton. 

G  =  5.14,  ratio  of  Pb  to  Sb=3:4. 

Hence  probably  Jamesonite  with  Stibnite. 
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No.  7.  Lurgo  crystals  of  Stibnite  imbedded  in  quartz  there  being 
about  equal  portions  of  each. 

No.  8.  Very  compact  antimony  and  lead  sulphide,  free  of  quartz 
G=5.33,  II  — 3  (probably  Zinkenite). 

No.  9  Com|)aet  mass  of  needle-lik-e  crystals,  with  a  faint  brown 
tinge  (with  quartz)  G  =  o.l9,  11:=  2.5  of  special  interest,  as  con- 
taining zinc. 


Analysis 

giving 

— 

S     . 

.     22.183     . 

.     C9.5  ratio 

of  atoms. 

Sb 

.     32.888     . 

.     27.       " 

U              (( 

I'b 

.     36.780     . 

.     18.       " 

n         a 

Zn 

5.072     . 

.       7.5     " 

((         (( 

Fe 

.       2.G15     . 

.       4.5     " 

((           u 

SiOi 

.743 

100.281 

To  identify  the  species  we  have  : — 

First,  including  zinc R:S4-A  =  1  :  3.23 

Second,  excluding  Zinc  (as  ZnS)     .     .     .     R:S  +  A=1:3.94 

Theonly  species  desc.betw.  these  limits,  have  R  :S-|-Ar=l  :3.5 

If,  therefore,  we  regard  the  excess  of  R  as  ZnS,  deducting  3.18 
per  cent,  of  ZnS,  we  obtain  : 

R:  S:A=1  :|-:1  in  which  there  is  2.94  per  cent.  Zn,  giving: 

2(|Pb  +  iZn4-iFe)  S  +  Sb^Sg 
or  2  (Pb,  Zn,  Fe)  S  +  Sba  Sg. 

Moreover,  deducting  the  blend,  the  specific  gravity  of  this  min- 
erals: 5.24;  and  replacing  the  zinc  bj'  lead,  atom  for  atom,  we 
have  specific  gravit3-in5.o,  which  agrees  with  the  specific  gravity 
of  Jamesonite  quoted  in  Dana  5.5  —  5.8. 


100      -J-5.19=19.27 

452X9'   =     4.380;-T-4.     =  1.095 

3.18-1-4.     =     .795 

9.J.C2                     17.985 

9C.82-I-      ?  =18.475 

452X223=  10.00  ;  -^7.5  =    1.345 

?G  =  5.24 

105.71     -h?G  =  19.330 

?G=5.50 
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We  inii3t,  tliei-efore,  admit  that  this  specimen  contains  Janie- 
sonite  in  which  the  iron,  with  at  least  an  eqnal  amount  of  zinc, 
replaces  one-third  of  the  lead. 

Wliile  small  amounts  of  zinc  have  been  found  with  Jamesonite, 
in  none  of  the  analyses  (piotcd  heretofore  does  it  appear  to  have 
entered  into  that  mineral. 

Of  the  ore  removed  from  the  Antimony  blnflf  Acin,  the  owners 
shipped  in  December,  1876,  seven  tons  to  Messrs.  Ilallet  &  Co.  of 
London,  who  pronounced  it  of  excellent  qualitj^,  giving  £20  per 
ton  for  the  glance  and  £16  for  the  ochre. 


The  action  of  dilute  acid  upon  Ferrous  Sulphide  made  from 
CAST-IRON.  B}^  F.  p.  DuNNiNGTON,  of  the  Universit}"  of  Vir- 
ginia. 

In  the  fifth  volume  of  Gnielin's  Chemistry,  page  215,  it  is  stated 
that  if  sulphur  be  stirred  into  melted  cast-iron,  the  iron  will  be 
converted  into  white  iron,  and  ferrous  sulphide  will  be  found  in  a 
crust  on  the  surface. 

At  the  suggestion  of  Dr.  J.  "NV.  Mallet,  I  have  endeavored  to 
determine  whether  ferrous  sulphide  maybe  thus  made  from  pig-iron 
which  can  be  economically  employed  for  making  hydrosulphuric 
acid. 

Experiment  \st:  Melted  cast-iron  in  excess  was  poured  upon  some 
sulphur  in  a  pot  lined  with  moulding  clay  ;  most  of  the 
sulphur  was  volatilized,  and  after  cooling  the  result  was  : 

1°.  At  the  bottom,  a  mass  of  crystallized  white  iron. 

2°.  A  compact  layer,    about  3™™-  thick,  of  fine,  light  yellow 
brassy  crystals  (E). 

3°.  An  easily  shattered  layer  of  2"""-  of  larger  bronze  colored 
crystals  (C). 
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Experiment  2nd:  Melted  cast-iron  was  poured  into  almost  its  own 
weight  of  sulphur,  and  constantly  stirred  until  solid,  the 
result  was  : 

1°.  Fragments  of  white  iron,  7  ounces. 

2°.  Iron  sulphides,  11  ounces  covered  with  a  grayish  brown 
film  of  oxide,  and  consisting  of  about  50  per  cent,  of  a 
yellow,  partly  crystalline  portion  (A),  about  50  per  cent, 
of  a  mass  of  line,  light  yellow  particles  (D). 

Experiment  3rd :  Melted  cast-iron  in  excess  was  poured  into  sul- 
phur and  constantly  stirred  until  solid  ;  the  result  was  : 

1°.  Fragments  of  white  iron,  60  ounces. 

2°.  Iron  sulphides,  total  23  ounces  and  consisting  approxi- 
mately of  50  per  cent.  ;  a  sponge-like  mass  composed  of 
fine,light  yellow  particles  with  a  brown  and  bronze  film  (G). 
20  per  cent,  fine  crystals  (H),  similar  to  (E). 
20  per  cent,  a  light  j-ellow  fused  mass. 
10  per  cent,  bronze  yellow  crystals  (B). 
For  comparison  I  quote  the  usual  method.     A  white-hot  bar  of 
wrought-iron  is  brought  in  contact  with  a  roll  of  sulphur  over  water  ; 
this  fused  sulphide  falls  : 

1°.  Partly  in  small  beads  (K)  less  than  3™"-  diameter,  which 
on  fracture  are  cr^'stalline  and  similar  to  (B). 

2°.  Mainly  in  larger  drops  (F),  a  uniform  brown  gray  mass 
with  indistinct  brassy  lustre. 
Owing  to  the  film  of  oxide  formed  over  most  of  the  specimens, 
it  was  difficult  to  obtain  other  than  small  samples  for  anal^'sis. 

The  determinations  of  iron  and  sulphur  were  made  by  fusion 
with  nitre  and  soda  (the  Ba  SO"*  being  carefully  purified).     The 
carbon  and  silicon,  not  entering  into  the  question,  were  only  de- 
termined in  the  residues  after  the  action  of  acid. 
All  the  specimens  were  slightly  magnetic. 

The  color  of  (A) •     yellow, 

"        "      "    (B),  (C)  and  (K)       ....     bronze  yellow, 
"       "      "    (D),  (E),  (F),  (G)  and  (H)     .     light  yellow. 
Dilute  HgSO^  acts  on  (A),  (B),  (C)  and  (K)  not  until  heated, 

«  "         "     "     G         slowly  at  first, 

"  "         "     "     (D),  (E),  (F)  and  (H)  immediately. 
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By  analysis  we  have  : 

(A)        (B)       (C)        (D)  (E)  (F) 

Fe       =    61.16     62.77     64.16     67.10  67.41  70.15 

S         =   38.00     36.83     35.08     32.77  31.12  27.97 

Si«fcC  =      1.17         .10       1.18         .35  1.28  


100.33     99.20  100.42  100.22     99.81     98.12 

From  which  we  have  the  ratios   between  the  numbers  of  atoms 
making  Fe  =.  100.         For  the  above  specimens 

S       =         109.       101.         96.         85.         81.         70. 
Specimens  of  these  were  treated  with  dilute  HCl  and  warmed 
until  all  action  ceased  ;  some  sulphur  and  a  little  iron  remained 
with  the  carbon  and  silica,  viz. : 

Per  cent.  Fe=      1.01        .23         .11         .41  ^      .0  .0 

Percent.  S  =      6.71      3.80       2.48        .43^      .2  .0 

Giving  the  following  ratios  between  the  number  of  atoms  of  P'e 
dissolved  and  S  given  off  as  H-S  ;  making  Fe  =  100  : 

S        =        91.        91.        89.         85.        80.         70. 

It  appears  that  (B),  which  is  so  similar  to  (K),  most  resembles 
the  pure  FeS,  in  composition,  but  that  (C)  though  containing  less 
S,  evolved  a  greater  per  cent.  (32.6)  of  S  as  HjS,  and  that  the 
action  of  acid  upon  each  of  them  will  not  begin  without  heat. 

Moreover,  that  as  the  free  iron  increases  in  amount  the  sulphur 
is  more  completely  given  off  in  the  form  of  HjS,  and  the  action 
of  the  acid  is  more  rapid. 

Hence  it  is  not  the  pure  FeS  which  is  desired  for  making  ILS, 
but  one  containing  free  Fe.  Now  note  that  (A)  and  (D)  compose 
the  product  of  experiment  2nd,  and  being  intermixed,  the  heat 
developed  by  the  action  of  the  acid  on  (D),  will  cause  (A)  to  be 
attacked  so  that  it  answers  very  well  for  the  purpose  in  question. 

Therefore  by  this  method  commercial  ferrous  sulphide  can,  no 
doubt,  be  made  in  large  quantities  directly  from  pig-iron  ;  while 
tlie  loss  of  two-thirds  of  the  sulphur  may  be  greatly  diminished 
on  the  large  scale,  by  more  regular  and  thorough  mixing  of  the 
melted  iron  and  sulphur. 

1  This  is  evidently  an  error  due  to  want  of  acid  in  digesting,  but  it  was  noticed  wlien 
too  late  to  repeat. 
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THK  VARIOUS  METHODS  OF  SEPARATING  AND  DETERMINING  BarH'M, 

Strontium,  and  Calcium.     By  Paul  Schweitzer,  of  Colum- 
bia, Mo. 

II.     determination   of   strontium. 

Strontium  is  generally  precipitated  from  its  solutions  as  sul- 
phate or  carbonate,  and  weighed  as  such,  the  determination  as 
nitrate  being  preferred  only  in  special  cases.  The  general  charac- 
teristics of  the  salts  of  strontium  are  very  much  like  those  of 
barium  ;  the  same  precautions  must  l)e  observed  in  their  precipi- 
tation, and  the  same  affinities,  though  perhaps  in  a  less  degree, 
exist  between  them  and  the  salts  of  the  alkalies.  In  incinerating 
the  paper,  on  which  precipitates  of  strontium  have  been  filtered, 
special  care  must  be  taken  to  remove  the  precipitates  as  much  as 
possible  from  it,  and  to  burn  it  at  a  comparativel}-  low  temperature 
on  account  of  the  volatility  of  the  strontium  salts. ^  This  volatility 
is  especially  noticeable  in  the  hydrous  salts,  as  we  obtain  them  by 
precipitation  and  subsequent  drying.  In  fact,  the  precipitated  and 
dried  salts  of  the  alkaline  earths  differ  in  a  marked  degree  from  the 
ignited  precipitates,  and  some  of  the  minerals  we  find  in  nature, 
a  fact  which  promises  interesting  results  on  closer  study. 

For  all  determinations  of  strontium,  unless  otherwise  stated, 
pure  strontium  chloride-  was  em[)lo3-ed,  and  as  it  was  impossible 
to  obtain  it  of  known  composition,-'  a  special  determination  of  the 
amount  of  strontium  in  it  was  made  for  each  experiment  or  set  of 
experiments,  by  evaporating  its  solution  in  a  platinum  crucible 

'Boussingault,  Comp.  Rend.  LXIV,  1159,  and  M.  Darmstadt,  Zeitschrift  f.  analyt. 
Chem.  VI.STO. 

'To  obtain  it,  the  purest  salt  of  Merck  in  Darmstadt  was  subjected  to  tlie  following 
process;  a  little  dilute  sulidiuric  acid  was  added  to  its  solution  in  water, and  the  whole 
boiled  for  half  an  liour;  after  settling,  the  clear  solution  was  separated  from  the  pre- 
cipitate, containing  .-U  the  barium  that  might  have  been  jiresent,  and  evaporated  to 
crystallization  ;  the  lirst  crop  of  crystals  was  rejected,  as  perhaps  still  containing  traces 
of  barium,  and  the  subsequent  crystallizations  collected,  taking  care,  however,  to  leave 
about  one-half  of  the  amount  of  the  salt  in  the  mother  liquor.  These  crystals,  contain- 
ing probably  only  traces  of  lime  were  dissolved  in  water,  the  solution  boiled  with  a 
little  ammonium  oxalate,  and  theliltrate  from  the  precipitate  formed,  after  adding  a  few 
drops  of  hydrochloric  acicl  evaporated  to  dryness.  This  mass  was  digested  three  times 
with  alcohol,  and  the  residue  from  this  dissolved  in  water,  flllered  and  evaporated  to 
dryness;  it  was  then  pulverized  and  heated  in  a  watei- bath,  until  it  seemed  perfectly 
dry.  when  it  was  placed  in  a  glass-stoppered  bottle  and  tliis  again  in  an  empty  desic- 
cator; the  spectroscope  revealed  in  it  no  traces  of  barium  or  calcium. 

5  The  removal  of  water  by  drying  Is  much  more  difficult  than  in  the  case  of  barium 
chloride,  as  it  requires  a  long  continued  gentle  heat,  which  must  be  applied  very  gvad- 


BY    TALL    SCIIWKITZKR.  189 

with  pure  dilute  sulphuric  acid,  aud  igniting  the  residue.  It  was 
found  necessary  to  repeat  this  operation  a  second  time,  to  insure 
complete  conversion  of  the  chloritle  into  sulphate,  as  without  it 

ually;  if  these  conditions  are  not  observed,  much  chlorine  is  volatilized,  which  can 
only  be  restored  again  witiidiflicully  and  trouble.  Observe  the  following  c.\i)eiinients; 

2.8(X)0gr.  strontium  chloride  from  bottle  lost  on  gently  heating,  so  that  the  bottom 
Of  the  crucible  did  not  become  red  liot 

0.0484  gr.  water  =  l.T.'J  p.  c.  after  10  minutes. 

0.0484  gr.      "      =1.7:!i).  c.     "     15        " 

0.0484  gr.      '•      =1.7:5  p.  c.    "     25        " 

0.0470  gr.     "     =:1.G8  p.  c.  after  heating  with  N  II<  CI. 

0.043G  gr.     "     =1..5Up.  c.    "     repeating  the  process. 

0.043Ggr.      "     sl.iJGp.  c.    "  "  "  «• 

after  evaporation  with  dilute  sulphuric  acid  and  ignition  it  yielded 
S.llCfigr.  Sr  SO^;  after  repeating  the  operatioa 
3.19-20  gr.      "  "  "  «  •• 

3.1920  gr.      "     =2.75G4  gr.  Sr  CIj,  equal  to  1.56  p.  c. 

of  water  in  the  original  substance.    It  gave  up  to  water  no  trace  of  chlorine. 

3.0555  gr.  strontium  chloride  from  bottle  lost  by  gently  heating  like  the  previous 
one 

0.0501  gr.  water  .=  1.04  p.  c.  after  10  minutes. 

0.0503  gr.      "      =l.()5p.  c.     "      15        " 

0.0510  gr.      "     =l.G7p.  c.      "     20        " 

0.0513  gr.      "     =l.G8p.  C.     "     25        " 

0.0515  gr.     "     =1.G9  p.  c.  after  5  minutes  at  a  higher  temperature. 

0.0474  gr,      "     =1.55  p.  c.     "    heating  with  N  11^  CI. 

after  evaporation  with  dilute  sulphuric  acid  and  ignition  it  yielded 

3.3780  gr.  Sr  SO4;  after  repeating  the  operatioa 

3.4039  gr.      '«      ;      "  "  "  <♦ 

3.4275  gr.      "       ;      "  "  "  •' 

3.4675  gr.      "      ;      "  "  "  « 

3.4835  gr.      "      ;      after  heating  with  Anij  CO3 

3.4835  gr.  Sr  SO4  =  3.0081  gr.  SrClj,  equal  to  1.55  p.  c. 

of  water  in  the  original  substance.    It  contained  no  trace  of  chlorine. 

3.3282  gr.  strontium  chloride  from  bottle  lost  by  heating  like  the  previous  one 

0.0382  gr.  water  =  1.64  p.  c.  after  5  minutes. 

0.0377  gr.      "     =1.62  p.  c.    "    10        " 

0.0383  gr.      "     =  1.04  p.  c.    "    15        " 

0.0307  gr.     "     =  1.58  p.  c.  after  heating  with  N  IT«  CI. 

0.0358  gr.      "     =1.54p.  c.     "         "  "  " 

The  salt  dissolved  in  water  to  a  clear  solution,  which  was  not  alkaline. 

4.0515  gr.  strontium  chloride  from  bottle  loston  heatingat  a  higher  temperature,  than 
employed  previously 

0.01)30  gr.  water=2.29  p.  c.  after  5  minutes. 
0.0S33gr.     "      =2.29  p.  c.    "    10       " 
0.0959  gr.     "      =2.37  p.  c.  after  heating  to  fusion. 
0.0948  gr.     "      =2.34  p.  c.    "  "       with  K  II4  CI. 

0.0938  gr.     "     =2.31  p.  c.    "     repeating  the  operation. 
The  salt  dissolved  turbidly  in  water  and  showed  an  alkaline  reaction;  it  seemed 
not  possible,  to  restore  to  it  after  fusion,  all  the  chlorine  it  had  lost. 
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iind  :ik'(»li()l,  necessary  for  the  purification  of  the  precipitates, 
using  a  little  only  at  a  time,  was  about  lUO  c.  c.  for  each  ;  the  lilter 
papers  were  in  no  case  carbonized  l)y  drying,  but  the  precipitates 
showed  upon  incineration  at  a  low  temperature,  a  pronounced  ten- 
dency to  dusting,  caused  l)y  the  removal  of  chemically  combined 
water  of  a  slightly  acid  reaction,  a  fact  which  I  do  not  consider 
an  argument  for  the  presence  of  strontium  disulphate,  but  as  in- 
dicating merely  an  imi)urity. 

After  incineration  the  precipitates  presented  the  appearance  of 
light,  porous  masses,  resembling  calcium  sulphate  or  magnesium 
carbonate,  easily  falling  into  a  line  powder,  when  placed  in  water, 
and  giving  up  to  the  latter,  even  after  acidulating  with  a  few  drops 
of  nitric  acid,  no  traces  of  chlorine,  indicative  of  the  entire  ab- 
sence of  occluded  strontium  chloride.    The  results  are  as  follows  : — 

1.  1.6368  gr.  Sr  C^^  =  1.0677  gr.  SrO 

1.8842  gr.  Sr  SO,  =  1.0614  gr.     "    =99.41  p.  c. 

2.  1.0480  gr.  SrClo  =r  0.0837  gr.     " 

1.2096  gr.  Sr  804=  0.0813  gr.     "    =99.05  p.  c. 

3.  1.6308  gr.  Sr  CU  =  1.0077  gr.     " 

1.8879  gr.  Sr  SO,^  1.0035  gr.     "    =  99.01  p.  e. 

4.  1.6368  gr.  Sr  Clg  =  1.0677  gr.     " 

1.8873  gr.  Sr  SO,^  1.0631  gr.     "    =  99.58  p.  c. 

In  making  in  tlie  same  way  two  further  experhnents,  except  stopping 
the  washing,  when  about  all  sulphuric  acid  had  been  removed  from  tiie 
precipitates,  but  when  they  still  contained  some  hydrochloric  acid,  the 
following  results  were  obtained  : 

1.  0.3931  gr.  .Sr  CI    =0.25G4  gr.  SrO 

0.45G5  gr.  Sr  804  =  0.2572  gr.     "    =  100.31  p.  c. 

2.  1.0353  gr.  Sr  CI2  =0.G754  gr.     " 

1.2034  gr.  Sr  S04  =  O.G779  gr.     "   =  100.37  p.  c. 

The  cause  of  the  excess  here  over  the  former  (the  plus  over  100  p.  c.  is 
owing  to  error)  is  occluded  chloride,  which,  as  in  the  case  of  barium 
chloride,  is  washed  out  after  the  sulphuric  acid  has  disappeared  from  the 
wasli-waters  (see  Part  I,  /.  a  First  Series).  In  the  first  four  analyses  the 
washing  had  been  continued  until  all  occluded  chloride  had  been  removed ; 
therefore  the  loss. 

In  precipitating  a  solution  of  strontium  nitrate  in  the  way  just 

•  In  analyses  1.  3,  4  and  others,  the  quantity  of  strontium  chloride  taken  was  meas- 
ured oflf  fvo'ni  a  solution  of  n  weighed  quantity  of  it  iu  water;  wherever  that  has  beea 
the  cafee  is  readily  recognized. 
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described  luuler  1  to  4,  using  more  and  more  sulphuric  acid,  a  trifle 
higher  figures  were  obtained,  probably  on  account  of  strontium 
sulphate  not  being  quite  so  readily  soluble  in  nitric  as  it  is  in  hy- 
drochloric acid  ;  these  are  the  results  : — 

1.  0.7680  gr.  Sr  (NOa),^  0.3753  gr.  SrO 

0.6675  gr.  Sr  SO4       =  0.3760  gr.     "     =  100.19  p.  c. 

2.  2.1924  gr.  Sr  (NOa),^  1.0729  gr.     " 

1.8990gr.  Sr  SO4       r=  1.0711  gr.     "     =    99.83  p.  c. 

3.  2.5422  gr.  Sr  (NOg),  =  1.2441  gr.     " 

2.2000  gr.  Sr  SO4       r=  1.2409  gr.     "     =    99.74  p.  c. 

4.  2.4353  gr.  Sr  (XOy),  =  1.1917  gr.     " 

2.1000  gr.  Sr  SO4       =  1.1845  gr.     "     =    99.40  p.  c. 

5.  1.9570  gr.  Sr  (NOg),  =  0.9563  gr.     " 

1.6843  gr.  Sr  SO,       =  0.9488  gr.     "     =    99.22  p.  c. 

It  will  be  seen  that  water  alone  is  sufficient  to  remove  all  oc- 
cluded strontium  salt,  which  was  not  the  case  in  the  barium  pre- 
cipitates. 

2.   Second  Series. 

Six  experiments  were  made  to  determine  in  what  manner  solu- 
tions of  strontium  were  affected  on  precipitation  as  sulphate  by 
the  presence  of  other  salts,  especially  those  of  the  alkalies.  Smaller 
amounts,  as  was  stated  by  me  some  years  ago,  are  retained  by 
sti'ontium  sulphate  than  by  barium  sulphate,  except  in  the  case 
of  potassium  salts,  which  giA'e  rise  to  the  formation  of  a  regular 
compound  in  equal  molecular  quantities,  insoluble  in  dilute  alcohol 
and  potassium  sulphate,  but  soluble  with  decomposition  by  water ; 
similar  compounds  exist  no  doubt  of  rubidium  and  Cicsium  though 
I  had  not  the  means  of  verifying  it. 

Strontium  chloride  was  dissolved  in  200  c.c.  of  water,  a  few  drops 
of  hydrochloric  acid  and  3  gr.  of  the  chlorides  of  the  salts  under 
examination  were  added  to  each  solution,  and  lastly  a  sufficient 
amount  of  dilute  sulphuric  acid  with  an  equal  volume  of  alcohol ; 
after  standing  for  twenty-four  hours  the  precipitates  were  filtered, 
washed  with  a  mixture  of  alcohol  and  water,  dried  and  ignited.  I 
may  say  here,  that  the  alcohol  was  in  no  case  sufficient  to  precipi- 
tate any  portion  of  the  salts  added,  the  amounts  of  them  retained 
being  solely  retained  by  molecular  attraction.     For  No.  1  were 
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consumed  about  three  litres  of  wash-water  in  about  four  weeks' 
lime,  to  remove  all  the  chlorine  present,  during  which  the  precipi- 
tate shrunk  in  volume  and  lost  its  slimy  character  ;  No.  2  was 
washed  with  about  one  litre  and  the  others  with  200  c.  c.  of  liquid, 
to  free  them  completely  from  chlorine  ;  the  results  are  as  follows : — 

1.  1.G3G8  gr.  Sr  Clo  (3  gr.  KCl)         r=  1.0C77  gr.  SrO 
3.10J2  gr.  Sr  SO^  +  KoSO,' 

1.8955  gr.  Sr  SO^^z  0-0207  Mol.  =  1.00  Mol. 
1.2097  gr.  K2SO4  =i00138  Mol.  =  0.67  Mol. 

2.  1  .G368  gr.  Sr  CU  (3  gr.  Na  CI)      r=  1 .0677  gr.  SrO 

1.9124  gr.  Sr  SO4  =  1.0773  gr.  ":=  100.90  p.c. 

3.  1.3561  gr.  Sr  Cl^  (3  gr.  Mg  Clj)  =  0.8846gr.  " 

1.57G9  gr.  Sr  SO4  =  0.8883  gr.  "  =  100.42  p.c 

4.  1.4281  gr.  Sr  CL   (3  gr.  Zn  CL)  =0.9316  gr.  " 

1.6663  gr.  Sr  SO^  =  0.9386  gr.  "  =  100.75  p.c. 

5.  1.2015  gr.  Sr  CU  (3  gr.  Ah  Ck)    =  0.7838  gr.  " 

1.4000  gr.  Sr  SO^  =  0.7887  gr.  "  =  100.62  p.c. 

6.  1.5280  gr.  Sr  Clg  (3  gr.  Fe^  Cl„)    =  0.9967  gr.  " 

1.7809  gr.  Sr  SO^  =  1.0032  gr.  "  =  100.65  p.c. 

After  ignition  all  precipitates  gave  up  to  boiling  water  larger 
quantities  of  sulphuric  acid  than  was  owing  to  dissolved  stron- 
tium sulphate  ;  No  1  of  course  more  than  the  rest ;  they  were  free 
from  chlorine,  except  probably  No.  6,  which  was  not  tested  with 
hot  dilute  nitric  acid. 

In  precipitating  strontium  nitrate  in  the  presence  of  potassium 
chloride  b3'  dilute  sulphuric  acid  and  alcohol,  and  washing  as  before 
described,  results  are  obtained  in  every  way  similar  to  those  ob- 
tained with  strontium  chloride. 

1.  1.1100  gr.  Sr  (N03)2  (3  gr.  K  CI)  =  0.5424  gr.  SrO 
1.5562  gr.  Sr  S0<  +  Ko  SO4 

0.9629  gr.  Sr  SO,  =  0.0105  Mol.  =  1.00  Mol. 
0.5933  gr.  K,  SO,  =  0.0068  Mol.  =  0.65  Mol. 

2.  1.6696  gr.  Sr  (NOa)^  (3  gr.  K  CI)  =  0.8158  gr.  SrO 
2.3906  gr.  Sr  SO,  +  K,  SO 

1.4482  gr.  Sr  SO,  =  0.0158  Mol.  =  1.00  Mol. 
0.9424  gr.  Kg  SO,  =  0.0108  Mol.  =  0.68  Mol. 

*  H.  Bose,  Fogg.  Annal.  ZCIII,  p.  1. 
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3.  Third  Series. 
The  influence  of  alkalies  was  further  investigated  bj'  precipitat- 
ing a  solution  of  strontium  chloride  with  various  alkaline  sulphates  ; 
the  salt  was  dissolved  in  200  c.c.  of  water,  and  after  acidulating 
with  h3'drochloric  acid  precipitated  b^v  an  excess  of  alkaline  sul- 
phate ;  an  equal  volume  of  alcoh<)l  was  then  added  and  the  whole 
allowed  to  stand  for  twenty-four  hours,  when  the  precipitates  were 
brought  upon  their  filters,  washed  until  all  chlorine  had  disappeared, 
dried  and  weighed.  All  precipitates  looked  at  first  bulky  and 
somewhat  slimy,  but  changed  soon  in  appearance,  quickest  the 
precipitate  by  ammonium  sulphate,  which  differed  not  in  the  least 
from  barium  sulphate.  Nos.  1  and  2  required  again  large  quantities 
of  washing-liquid  to  free  them  from  chlorine. 

1.  1.3294  gr.  Sr  CI,  (K,  SO,  ==  0.8673  gr.  SrO 
2.7127  gr.  Sr  s6,  +  KoSO,8 

1.5426  gr.  Sr  SO,  =  0.0168  Mol.  m  1.00  Mol. 
1.1701  gr.  Ko  SO,  =  0.0134  Mol.  =  0.80  Mol. 

2.  0.3922  gr.  Sr  CIo  (Ko  SO,)  =  0.2559  gr.  SrO 
0.8244  gr.  Sr  SO4  -|-  K,  SO, 

0.4542  gr.  Sr  SO,  =  0.0049  Mol.  =  1.00  Mol. 
0.3702  gr.  K2  SO,  =  0.0042  Mol.  =  0.86  Mol. 

3.  1.3294  gr.  Sr  CI2  (Na2  SO,)       =  0.8673  gr.  SrO 

1.5608  gr.  Sr  SO,  =0.8792  gr.     "=101.37p.  c. 

4.  1.3294  gr.  Sr  CI,  ([NH,]2S0,)  =  0.8673  gr.     " 

1.5426  gr.  Sr  SO,  =  0.8690  gr.     "  =100.19  p.  c. 

The  ignited  precipitates  gave  up  to  boiling  water  no  chlorine. 

•Another  experiment  was  made  l)y  precipitating:  a  solution  of  strontium  chloride 
with  an  excess  of  potassium  sulphate  in  the  cold  an<l  without  alcohol;  the  precipitate 
looked  bulky  at  first,  but  clianged  in  a  few  days  into  a  mass  of  needle-shaped  crystals; 
they  were  brought  upon  the  filter  with  their  own  golution,  and  washed  three  times  with 
alcohol  and  water;  after  removal  from  the  dried  filter  paper,  they  were  ignited  without 
the  latter,  giving  the  following  result: 

1.7577  gr.  Sr  CI,  (K,  SO^)  =  1.1462  gr.  SrO 
3.948.J  gr.  Sr  SO',  +'K,  ."iO, 
2.0154  gr.  Sr  SO,  =  0.0222  .Mol.  =1.00  Mol. 
I.ai29  gr.  Kj  SO,  =  0.0220  Mol.  =  O.'JO  Mol. 

Boiling  water  extracted  from  it  only  traces  of  chlorine,  but  abundant  sulphuric  acid  ; 
the  compound,  as  stated,  is  insoluble  in  dilute  alcohol  and  alkaline  sulphates,  but  de- 
composable by  water,  80  that  by  sufficiently  long  washing  with  water  alone,  approxi- 
mate results  may  be  obtained;  compare  the  following  result: 

1.9090  gr.  Sr  rSOs),  (3  gr.  KCl  -f  3  gr.  Na  01)  =0.9.328  gr.  SrO 

1.6570  gr.  Sr  SO,  =  0.W22  gr.    "    =  98.86  p.  C. 

This  precipitate  had  been  washed,  until  the  wash-water  gave  a  cloudiness  with  ba- 
rium chloride  only  after  a  few  seconds. 
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4.   Fourth  Series. 

On  reversing  the  process,  tliat  is  precipitating  a  solntion  of 
potassium  sul[)liatc  by  strontium  chloride,  adding  an  equal  amount  ■ 
of  alcohol,  and  filtering  after  twenty-four  hours'  standing,  and 
washing  with  dilute  alcohol,  until  nearly  all  (No.  1)  or  all  (No.  2) 
sulphuric  acid  had  been  removed,  a  loss  is  experienced,  caused  as 
in  the  case  of  barium,  by  tlie  occlusion  and  subsequent  removal 
by  washing  of  potassium  sulphate  : 

1.  0.5478  gr.  Ko  SO,  =  0.2516  gr.  SO, 

0.5731  gr.  Sr  SO,  =  0.2503  gr.    »     =  99.48  p.  c. 

2.  1.5847  gr.  K,  SO,  =  0.7278  gr.    " 

1.6497  gr.  Sr  SO,  =  0.7204  gr.    "     =  98.98  p.  c. 

The  greater  loss  in  No.  2  is  caused  by  longer  continued  washing, 
and  could  have  been  prevented  by  collecting  the  wash-waters 
evaporating  them  to  a  suitable  volume,  adding  again  some  alcohol 
and  filtering  off  the  precipitate,  which  would  have  been  sure  to 
form, 

5.   FiftJi  Series. 

Some  experiments  were  made  to  determine  the  degree  of  accu- 
racy, obtainable,  in  precipitating  salts  of  strontia  in  the  cold  with 
dilute  sulphuric  acid  without  alcohol,  a  thing  that  may  happen  in  the 
analysis  of  barium  minerals,  in  which  the  presence  of  strontium  is 
not  suspected  ;  it  would  give  rise  to  a  deficiency  of  course,  which, 
however,  might  not  be  such  as  to  evoke  challenge.  Different 
amounts  of  strontium  chloride  were  dissolved  to  this  end  in  500  c.c. 
of  water,  and  precipitated  by  increasing  amounts  of  dilute  sulphuric 
acid,  taking  in  No.  1,  5  c.c. ;  in  No.  2,  10  c.c.  ;  in  No.  3,  15  c.c. ; 
in  No.  4,  30  c.c.  The  same  quantity  was  taken  in  Nos.  5  and  6, 
but  to  the  former  had  been  added  in  addition  10  c.c,  and  to  the 
latter  20  c.c.  of  hydrochloric  acid,  containing  16  p.  c.  of  HCl. 
All  precipitates  were  washed  with  cold  water  until  they  were  free 
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from  chlorine  ;  5  and  6  appeared  perfectly  crystalline,  almost  ad- 
hering to  the  sides  of  the  glass  in  crusts  ;  these  were  the  results  : 

1.  0.3424  gr.  Sr  CI,  =  0.2234  gr.  SrO 

0.3925  gr.  Sr  SO^^r  0.2211  gr-     "    =  98.97  p.  c. 

2.  0.G849  gr.  Sr  CL  =  0.4468  gr.     " 

0.7870  gr.  Sr  SO^z^  0.4433  gr.     "    =  99.17  p.  c. 

3.  1.3G97  gr.  Sr  CU  =  0.8935  gr.     " 

1.5828  gr.  Sr  SO^  =  0.8916  gr.     "    =  99.79  p.  c. 

4.  2.7395  gr.  Sr  Clj  =  1.7871  gr.     " 

3.1674  gr.  Sr  SO4  =  1.7842  gr.     "    =  99.84  p.  c. 

5.  0.6849  gr.  Sr  CI2  =  0.4468  gr.     " 

0.7826  gr.  Sr  SO^^  0.4412  gr.     "    =  98.75  p.  c. 

6.  0.6849  gr.  Sr  CL  =  0.4468  gr.     " 

0.6156  gr.  Sr  SO^^r  0.3468  gr.     "    =  77.62  p.  c. 

It  was  difficult  in  these  cases  to  incinerate  the  filter  papers, 
which  were  saturated  with  the  aqueous  solution  of  strontium  sul- 
phate. 

In  like  manner  two  experiments  were  made  with  strontium  ni- 
trate ;  No.  1  was  a  neutral  solution,  No.  2  a  solution  acidulated 
with  hydrochloric  acid ;  after  precipitation  No.  1  was  merely 
washed  with  water,  while  No.  2  was  twice  boiled  with  hydrochloric 
acid,  as  described  under  barium,  and  then  washed  to  the  removal 
of  chlorine : 

1.  2.1860  gr.  Sr  (N03)2  =  1.0682  gr.  SrO 

1.8667  gr.  Sr  SO4       =  1.0515  gr.     "   =  98.44  p.  c. 

2.  2.4942  gr.  Sr  (NOa),  =  1.2187  gr.     " 

2.0483  gr.  Sr  SO^       =  1.1538  gr.     "    =  94.68  p.  c. 

APPENDIX. 

I.     Solubility  of  strontium  sulphate  in  water. ^ 

The  solubility  of  strontium  sulphate  in  water  was  determined 
by  digesting  the  pure  salt  in  water  either  in  the  cold  or  after  heat- 

»  Compare :  Kremers,  Pogg.  Annal.  LXXXV,  247  .  .  .  1 :  ."5345  at  15°  C ;  Gmelin,  Hand- 

buch 1 :  3G00  at  lo.S"  C ;  Berzelius,  Lehrbuch  Vol.  III.  pg.  386 

.  .  .  1:3000  atlOO'C;  R.  Bnindes  and  Silver,  Biande's  Arcliiv.  1830,  XXXIII,  61  .  .  . 
1 :  15029  at  ll.'25°  C  and  1 : 3544  at  100°  C  (flgiues  taken  from  Storer,  Diet,  of  Solub.,  who 
remarks  that  they  do  not  .-igree  with  the  details  of  the  experiments) ;  Fresenius,  Annul. 
Chem.  and  Pharm.  184C,  LLX,  121  ...  1 :  CS05  at  14°  C  and  1 :  9038  at  100*  C, 
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ing,  and  evaporating  500  c.  c.  of  the  solution  in  a  large  platinum 
disii  and  igniting  the  residue;  the  solution  had  always  a  slightly 
acid  reaction,  even  as  it  was  olttaiiied  after  the  experiment  No.  8 
had  been  made,  that  is  to  say,  after  it  had  been  washed  with  a 
large  quantity  of  water. 

Tlic  fust  eight  experiments  were  made  with  Sr  SO4,  obtained  from 
analyses  Nos.  1  to  4  of  series  1 ;  experiments  9,  10  and  11  with 
that  obtained  from  analyses  Nos.  1  to  4  of  series  5  ;  experiments 
12  and  13  were  made,  the  former  with  Sr  80^,  obtained  fi'om  analy- 
ses Nos.  5  and  6  of  series  5,  the  latter  with  material  freshly  pre- 
cipitated in  the  cold  without  alcohol,  washed  with  cold  water  and 
without  ignition. 

1 .  Sr  S0<  was  boiled  with  water,  and  after  cooling  for  twenty-foui 

hours  filtered  and  evaporated  : 

500  c.c.  =  0.0593  gr.  Sr  SO^ 
1  Sr  SO4  soluble  in  8432  water. 

2.  The  residue  from  1  was  treated  again  in  the  same  way : 

600  c.c.  =  0.0591  gr.  Sr  SO4 
1  Sr  SO4  soluble  in  8460  water. 

3.  The  residue  from  2  was  treated  again  in  the  same  way : 

500  c.c.  =  O.OGOl  gr.  Sr  SO4 
1  Sr  SOi  soluble  in  8319  water. 

4.  The  residue  from  3  was  boiled  with  water,  filtered  boiling  hot, 

and  after  standing  for  twent^^-four  hours   measured   and 
evaporated : 

500  c.c.  =  0.0486  gr.  Sr  SO4 
1  Sr  SO^  soluble  in  10288  water. 

5.  The  residue  from  4  was  digested  for  six  days  with  cold  water, 

filtered  and  evaporated  : 

500  c.c.  =  0.0642  gr.  Sr  80^ 
1  Sr  SO4  soluble  in  7788  water. 
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6.  The  residue  from  5  was  treated  again  in  the  same  way : 

500  c.c.  =  0.0649  gr.  Sr  SO4 
1  Sr  SO4  soluble  in  7704  water. 

7.  The  residue  from  6  was  boiled  once  more,  filtered  boiling  hot, 

and  after  standing  for  twenty-four  hours  measured  off  and 
evaporated : 

500  CO.  =  0.0499  gr.  Sr  SO^ 
1  Sr  SO4  soluble  in  10020  water. 

8.  The  residue  was  again  digested  for  six  days  with  cold  water, 

filtered  and  evaporated  : 

500  c.c.  =  0.0665  gr.  Sr  SO4 
1  SrS04  soluble  in  7519  water. 

Another  portion  of  this  solution  was  weighed  in  a  100  gr.  flask,  con- 
taining at  23°  C  99.9205  gr.  water;  it  weighed  99.9567  gr.,  giving  the  solu- 
tion a  sp.  gr.  of  1.0004;  this  would  correspond  to  a  solubility  of  1  :2760, 
if  there  had  been  no  condensation;  sp.  gr.  of  this  precipitate  after  drying 
but  still  containing  0.73  p.  c.  of  water  =:  3.8G81  or  without  water  =  3.9514. 
See  further  on. 

The  solubility  of  strontium  sulphate  in  water  increases  by  con- 
tinued digestion  with  it,  as  noticed  alreadj'  in  the  case  of  barium 
compounds.  It  is  also  less  soluble  in  hot  than  in  cold  water,  the 
experiments  1  to  3  standing  between,  because  the  hot  solution  was 
allowed  to  remain  in  contact  with  the  precipitate  for  twenty-four 
hours. 

9.  Sr  S04  digested  with  cold  water  for  six  days : 

500  c.c.  =  0.0638  gr.  SrS04 
1  Sr  SO4  soluble  in  7837  water. 

10.     This  treatment  repeated  with  the  residue : 

500  c.c.  =  0.0638  gr.  Sr  S04 
1  Sr  SO4  soluble  in  7837  water. 
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11.  The  residue  from  10  boiled  jind  filtered  boiling  hot;   after 

cooling  incasurod  mid  evaporated  : 

500  c.  c.  =  0.0496  gr.  Sr  SO^ 
1  SrSO^  soluble  in  10081  water. 

12.  8r  SO4,  obtained  from  a  strongly  acid  solution  (Nos.  5  and  6, 

series  5),  digested  for  four  days  with  cold  water: 

500  CO.  =  0.0591  gr.  Sr  S0< 
1  Sr  SO4  soluble  in  8460  water. 

13.  Sr  SO4,  precipitated  in  the  cold  and  not  ignited,  gave  by  diges- 

tion for  six  days  with  cold  water  in 

500  c.c.  rr  0.0591  gr.  Sr  SO^ 
1  Sr  SO4  soluble  in  8460  water. 

A  portion  of  this  solution  gave  by  weighing  a  sp.  gr.  of  1.0003,  indicat- 
ing  a  soliiliility  of  1  :  3122,  provided  there  was  no  condensation.  The  pre- 
cipitate had  a  sp.  gr.  of  3.9702. 

It  will  be  seen  that  freshly  precipitated  strontium  sulphate  is 
less  soluble  than  the  ignited  precipitate  ;  it  is  also  heavier  than  it, 
but  changes  in  both  particulars  by  repeated  digestion  with  water. 
Expressing  the  solubility  of  strontium  sulphate  in  water  in  round 
numbers  I  would  place  it  as  1  in  10100  at  100°  C,  and  at  1  in  7700 
at  20°  C. 

To  the  solutions,  as  obtained  under  12,  an  equal  volume  of  alcohol  was 
added,  and  the  mixture  after  stirring  allowed  to  stand  for  twenty-four 
hours ;  after  filtering  from  the  slight  precipitate  that  had  formed  over 
night,  it  yielded  on  evaporation  in  : 

250  c.c.  =  0.0055  gr.  Sr  SO4 

1  Sr  SO4  soluble  in  45454  alcohol  of  45  p.c. 

//.     Specific  gravity  of  strontium  sidj)hate.^^ 

The  specific  gravities  were  taken  as  described  under  barium,  and 
refer  to  a  temperature  of  18°  C.  unless  otherwise  stated  ;  the}-  de- 
pend, as  already  pointed  out,  on  the  manner  in  which  the  substance 

'0  Compare  :  Constants  of  Xatiup,  Smithsonian  Miscellaneous  Collections.  Part  I,  pajre 
7:?.  and  First  Supplement  to  Part  I.  page  Ifi;  greatest  sp.  gr.  of  celestite  giveu  is  3.973,  oj 
precipitatc'l  strontium  iulphate  3.770,  of  arliflcially  crystallized  3.9-27. 
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has  been  obtained,  and  on  the  processes  to  which,  after  formation 
it  has  been  subjected  ;  it  becomes  lighter  by  ignition  and  by  re- 
peated digestion  with  water,  tliough  if  the  ignited  precipitate  be 
subjected  to  repeated  digestion  it  becomes  heavier,  but  never  as 
heavy  as  the  precipitated  material,  which  has  not  been  ignited ; 
in  the  first  case,  the  occluded  water,  which  is  in  a  state  of  conden- 
sation, and  which  cannot  be  volatilized  b\'  a  temperature  of  100°  C, 
leaves  intermolecular  spaces  by  removal  through  heat,  that  are 
too  small  for  the  molecules  of  water  to  enter  again ;  there  is 
therefore  decrease  of  weight  without  change  of  volume,  indicated 
by  lighter  specific  gravitj'.  In  the  second  case,  the  groups  of 
molecules  break  up  into  groups  of  fewer  members,^ ^  producing  be- 
sides decrease  of  specific  gravity  more  points  of  attack  to  water, 
and  consequently  increase  of  solu])ility.  In  the  third  case,  where 
there  is  increase  of  solubility  and  of  specific  gravity,  the  water  is 
simply  taken  up  again  while  the  molecular  groups  are  broken  up. 

1.  5.6191  gr.  Sr  SO4,  before  the  experiments  on  solubility  were 

made,  and  right  after  ignition,  had  a  sp.  gr.  of  3.6679. 

2.  5.1307  gr.  Sr  SO4  the  previous  material,  but  after  the  first  eight 

experiments  on  solubilit}-  had  been  made  with  it,  and  after 
it  had  been  dried  for  three  hours  at  100°  C,  had  a  sp.  gr.  of 
3.8681.  It  contained  still  0.73  p.  c.  of  water,  which  by  de- 
duction would  give  a  sp.  gr.  of  3.9514. 

8.  5.0354  gr.  Sr  SO4,  obtained  from  analyses  Nos.  1  to  4  of  series 
5,  had  immediately  after  ignition  a  sp.  gr.  of  3.6949. 

4.  2.5739  gr.  Sr  SO4,  precipitated  from  a  solution  of  strontium 

chloride  by  dilute  sulphuric  acid  in  the  cold,  and  washed 
without  the  addition  of  alcohol  with  distilled  water,  gave  a 
sp.  gr.  as  described  in  Part  I,  p.  18,  of  3.9702. 

5.  4.6085  gr.  Sr  SO4,  obtained  as  under  4,  except  that  the  solution 

was  boiling  hot,  gave  a  sp.  gr.  of  3.9502. 

8.  The  two  previous  precipitates  were  united,  boiled  with  water, 
filtered  and  dried  for  three  hours  at  100°  C.  5.6565  gr.  gave 
a  sp.  gr.  of  3.7260,  and  as  it  still  contained  0.12  p.  c.  of 
water,  by  deduction  a  sp.  gr.  of  3.7383. 

»» See  Part  I,  pp.  2  and  18. 
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A  Modification  of  Wenham's  Reflex  Illuminator.     By   R. 
H.  Ward,  of  Troy,  N.  Y. 

[abstract.] 

Mr.  Wenham's  reflex  illuminator  was  designed  to  avoid  direct 
illumination,  by  passing  light  into  the  slide  at  such  an  angle  that 
it  would  be  totally  reflected  instead  of  passing  into  air  above 
the  slide.  With  dr}'  mounted  objects,  or  with  dry  objectives  of 
any  angle,  this  illumination  would  be  exclusively  reflex,  since  no 
light  could  pass  directly  to  the  objective ;  and  with  immersion  ob- 
jectives of  angular  aperture  not  greater  than  that  corresponding 
to  180  degrees  dry,  the  result  would  be  practically  the  same,  as 
the  light,  after  passing  through  a  balsam  mounted  object,  would 
reach  the  lens  at  an  obliquity  greater  than  that  of  its  extreme  ca- 
pacity for  image-forming  rays.  But  for  lenses  of  greater  angle 
than  this,  the  illumination  would  be  direct,  the  image  being  formed 
by  that  portion  of  the  available  aperture  of  the  lens  which  was  in 
excess  of  the  equivalent  of  180  degrees  dry  angle.  The  existence 
and  even  the  possibility  of  such  lenses  were  not  at  that  time  undis- 
puted, some  eminent  raicroscopists  still  maintaining  the  contrary 
opinion.  Soon  after  the  reflex  illuminator  had  arrived  in  this 
countr}',  Mr.  Samuel  Wells,  of  Boston,  succeeded  with  ease  in 
making  it  act  as  a  direct  illuminator,  with  lenses  of  more  than  one 
maker,  an  excellent  and  serviceable  image  being  formed  by  these 
extralimital  rays.  The  same  lenses,  at  least  those  of  one  of  the 
makers,  had  previously  been  made  to  give,  by  means  of  a  semi- 
cylinder  of  glass  (including  the  thickness  of  the  glass  slide)  with 
an  adjustable  shutter,  a  well  defined  image  formed  of  similar  ex- 
tralimital rays.  Mr.  Wells'  experiments  immediately  led  Mr.  R. 
B.  Tolles,  of  Boston,  to  make  a  variety  of  such  prisms  with  the 
angle  of  the  reflecting  face  changed  so  that  the  illuminating  pencil 
should  fall  within  instead  of  just  beyond  the  angle  of  total  reflec- 
tion. Several  of  these  were  made  of  various  angles,  but,  in  the 
expectation  of  making  further  improvement  in  the  plan,  they  were 
kept  in  the  maker's  hands.  One  now  shown  has  an  angle  of  14 
degrees,  and  is  suitable  for  lenses  of  small  angle.  Another  has 
its  face  inclined  at  an  angle  of  21  degrees,  giving  an  obliquity  of 
42  degrees  to  the  central  reflected  ray.  This  utilizes  the  extreme 
angle  of  an  objective  up  to  180  degrees  dry,  or  its  equivalent  in 
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balsam,  and  in  aclilition  {jives  a  slight  illumination  by  admission  of 
extraliniiUil  rays  available  exclusively  to  immersion  lenses  of  ex- 
cessive aperture.  AVith  suitable  lenses  it  gives  prompt  resolution 
of  numbers  eighteen,  nineteen,  and  twenty  of  Holler's  test  plate 
in  balsam  by  lamplight.  It  gives  their  maximum  efficiency  with 
dry  mounts  and  with  dry  lenses,  as  the  extreme  capacity  of  the 
lens  is  utilized  by  the  half  pencil  from  the  illuminator  which  can 
be  transmitted  to  it,  a  condition  A'ery  favorable  for  resolution  of 
difficult  objects.  As  in  the  original  reflex,  the  chromatic  aberra- 
tion is  excessive  ;  and  it  is  a  question  how  far  the  very  decided 
results  attained  in  resolution  are  due  to  the  nearly  perfect  mono- 
chromatic illumination  thus  secured.  The  modified  prisms  are 
inferior  to  the  original  for  use  with  lenses  capable  of  taking  up 
lialf  the  pencil  transmitted  into  balsam  by  the  original  reflex. 
They  do  not  seem  to  have  given  results  not  otherwise  attainable, 
and  they  are  subject  to  the  inconvenience  that  each  one  is  limited 
to  a  fixed  and  comparatively  narrow  range  of  angles ;  but  they 
furnish  a  ready  and  easy  means  of  oblique  illumination,  suitable 
for  extremely  difficult  resolution,  and  entirely  independent  of 
thinness  of  stage  and  concentric  rotation  of  object-carrier. 


TITLES  OF  OTHER  PAPERS  READ  IN  SUBSECTION  OF 
MICROSCOPY. 


A  NEW  Periscopic  Eye-piece.     By  Ernst  Gundlach,  of  Rochester, 
N.  Y. 

On  the  Cellular  Structure  of  Dentine.     B}'  R.  H.  "Ward,  of 
Troy,  N.  Y. 

On  the  use  of  Ordinary  Low  Power  Objectives  for  Photog- 
raphy.    By  C.  Leo  Mees,  of  Louisville,  Ky. 

On  Accessories  adapted  to  Lithological  Investigation.     By 
Alexis  A.  Julien,  of  New  York. 

On  Objectives  as  Illcsiinators.     By  George  "W.  Morehouse,  of 
Wayland,  N.  Y. 

On  the  Relative  Value  of  the  Powers  op  Objectives  and 
Eye-pieces.    By  T.  0.  Sumiiers,  Jr.,  of  Nashville,  Tenn. 

(207) 


\ 

5 


SECTION    B. 


NATURAL   HISTORY 


Itfcent. 
I'oht  Tirilary. 


Pliocene. 


Miocene. 


Eocene. 


"    -■'^. 

-^'•='?;4 

— V-V-i'    ,    '    l'     1' 

1        t           <            11 

-.-..-. 

•  i  V 

•■•°*°. 

•■'<-' 

Pteranodon  Beds. 


Equus  Kedii. 
I'llolilpfiua  Ik'dH. 


Tnpir,  Prccary,  Bison.  Llama. 
Equtu.       llegntherlum.       Mylodon. 


Equun,  TiipiriiK.       KtephdH. 

\  I'llofilppiis,  TnpiniruH,  MiiKlodon. 

'(  /YotofiippuM,  Aceratlierlum,  Uoh. 

Mioblppns  DcdB.     iHoMpput,  Dlceralherlum,  Thinohyu*. 

Orcodon  BciIh.        j  \  'jil^orToaotilTlyracodonr'''^"'' 
Brontotherlam  B.  iln-ohlppui,  Menoaun,  ElotJuTium. 


DIplacodoD  Beds. 
Oinoceras  Beds. 
(Green  River  B.) 
Coryphodon  Beds, 


Lignite  Series. 


EpihippvH,  Amynodon. 

}  Ttnoceran,  Cinlathfrium.  Umnohyun, 
\  Orohlpput.     UelaUtev,    Colonoceraa. 


(  Eohippti*,  .Monkeys,  Carnivores,  Unjra- 
}.     latcs.  TiUodunU,  Rodents,  Serpents. 


/ladronauritD,  DryptoKiiurut, 


IBird.i  witl)  Tietli  i  Oiloutoriiithfxj.Henper- 
ornix,  Jrlilln/uriiiH.  .Mosasaurs, 
/■MeKUmrn/riin,  f^MioKnuruti,  Tylosaurua. 
Pt"roda<-tyl8,  Pleslosaurs. 


Dinosaurs,  Apatonnurun,  Altosnurns, 
StinonauruH.    Turtles.    Diplosaurui. 


First  Mammals  (Marsupials),  (Droma- 

therium). 
Dinosaur  Footprints,  Amphisaurun. 

Crocodiles  (lielodon). 


First  Reptiles  ^?) 


First  known  Amphibians  (Labyrinth- 
odonts). 


First  known  Fishes. 


Section     of     the    EaktiTs    Ckist 

TO    ILI.USrii.VTK    VEI!TKBU.\TK    I.IKK    IN    A.-MKHIC.V. 


ADDRESS 


OP 


PROFESSOR  0.  C.  MARSH, 


VICE  PRESIDENT,  SECTION  B. 


Members  of  the  Association  : — 

Ladies  and  Gentlemen  : — 

The  origin  of  life,  and  the  order  of  succession  in  which  its 
Tarious  forms  have  appeared  upon  the  earth,  offer  to  science  its 
most  inviting  and  most  difficult  field  of  research.  Although  the 
primal  origin  of  life  is  unknown,  and  ma3'  perhaps  never  be 
known,  yet  no  one  has  a  right  to  say  how  much  of  the  mystery 
now  surrounding  it  science  cannot  remove.  It  is  certainly  within 
the  domain  of  science  to  determine  when  the  earth  was  first 
fitted  to  receive  life,  and  in  what  form  the  earliest  life  began.  To 
trace  that  life  in  its  manifold  changes  through  past  ages  to  the 
present  is  a  more  difficult  task,  but  one  from  which  modern  science 
does  not  shrink.  In  this  wide  field  every  earnest  effort  will  meet 
some  degree  of  success ;  every  year  will  add  new  and  important 
facts ;  and  ever}'  generation  will  bring  to  light  some  law,  in  ac- 
cordance with  which  ancient  life  has  been  changed  into  life  as  we 
see  it  around  us  to-da}-.  That  such  a  development  has  taken  place, 
no  one  will  doubt  who  has  carefully  traced  any  single  group  of 
animals  through  its  past  history',  as  recorded  in  the  crust  of  the 
earth.      The  evidence  will  be  especiall}'  conclusive,  if  the  group 
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selected  belongs  to  the  liiglicr  forms  of  life,  wliicli  are  sensitive 
to  every  change  in  their  siuroiuulings.  But  I  am  sure  I  need  oiler 
here  no  argument  for  evolution ;  since  to  doubt  evolution  to-day 
is  to  doubt  science,  and  science  is  only  another  name  for  truth. 

Taking,  then,  evolution  as  a  key  to  the  mysteries  of  past  life 
on  the  earth,  I  invite  your  attention  to  the  subject  1  have  chosen  : 
The  Introduction  and  Succession  of  Vertebrate  Life  ik 
America. 

In  the  brief  hour  allotted  to  me,  I  could  hardly  iiope  to  give 
more  than  a  very  incomplete  sketch  of  what  is  now  known  on  this 
subject.  I  shall,  therefore,  pass  rapidl}*  over  the  lower  groups, 
and  speak  more  particularly  of  the  higher  vertoljrates,  wliich  have 
an  especial  interest  to  us  all,  in  so  far  as  they  approach  man  in 
structure,  and  thus  indicate  his  probable  origin.  These  higher 
vertebrates,  moreover,  are  most  important  witnesses  of  the  past, 
since  their  superior  organization  made  them  read}'  victims  to 
slight  climatic  changes,  which  would  otherwise  have  remained 
unrecorded. 

In  considering  the  ancient  life  of  America,  it  is  important  to  bear 
in  mind  that  I  can  only  offer  you  a  brief  record  of  a  few  of  the 
countless  forms  that  once  occupied  this  continent.  The  review  I 
can  bring  before  you  will  not  be  like  that  of  a  great  army,  when 
regiment  after  regiment  with  full  ranks  moves  by  in  orderly  suc- 
cession, until  the  entire  host  has  passed.  My  review  must  be 
more  like  the  roll-call  after  a  battle,  when  only  a  few  scarred  and 
crippled  veterans  remain  to  answer  to  their  names.  Or  rather,  it 
must  resemble  an  array  of  relics  dug  from  the  field  of  some  old 
Trojan  combat,  long  after  the  contest,  when  no  survivor  remains 
to  tell  the  tale  of  the  strife.  From  such  an  ancient  battle-field,  a 
Schliemann  might  unearth  together  the  bronze  shield,  lance-head, 
and  gilded  helmet  of  a  prehistoric  leader,  and  learn  from  them 
with  certainty  his  race  and  rank.  Perhaps  the  skull  might  still  re- 
tain the  barbaric  stone  weapon  by  which  his  northern  foe  had  slain 
him.  Near  by,  the  explorer  might  bring  to  light  the  commin- 
gled coat  of  mail  and  trappings  of  a  horse  and  rider,  so  strangely 
diflerent  from  the  equipment  of  the  chief  as  to  suggest  a  foreign 
ally.  From  these,  and  from  the  more  common  implements  of  war 
that  fill  the  soil,  the  antiquary  could  determine,  by  patient  study, 
what  nations  fought,  and,  perhaps,  when,  and  why. 

By  this  same  method  of  research,  the  more  ancient  strata  of  the 
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eavlli  have  been  explored,  and,  in  our  Western  wilds,  veritable 
battle-fields,  strewn  with  the  fossil  skeletons  of  the  slain,  and 
guarded  faithfully  b^'  savage  superstition,  have  been  despoiled, 
yielding  to  science  treasures  more  rare  than  bronze  or  gold. 
"Without  such  spoils  from  many  flelds,  I  could  not  have  chosen 
the  present  tlieme  for  my  address  to-night. 

According  to  present  knowledge,  no  vertebrate  life  is  known 
to  have  existed  on  this  continent  in  the  Archaean,  Cambrian,  or 
Silurian  periods ;  yet  during  this  time  more  than  half  of  the 
thickness  of  American  strati  lied  rocks  was  deposited.  It  by  no 
means  follows  tliat  vertebrate  animals  of  some  kind  did  not  exist 
here  in  those  remote  ages.  Fishes  are  known  from  the  Upper 
Silurian  of  Europe,  and  there  is  every  probability  that  they  will 
yet  be  discovered  in  our  strata  of  the  same  age,  if  not  at  a  still 
lower  horizon. 

In  the  shore  deposits  of  the  early  Devonian  sea,  known  as  the 
Schoharie  Grit,  characteristic  remains  of  Fishes  were  preserved, 
and  in  the  deeper  sea  that  followed,  in  which  the  Corniferous 
limestone  was  laid  down,  this  class  was  well  represented.  During 
the  remainder  of  the  Devonian,  Fishes  continue  abundant  in  the 
shallower  seas,  and,  so  far  as  now  known,  were  the  only  type  of 
vertebrate  life.  These  Fishes  were  mainly  Ganoids,  a  group  rep- 
resented in  our  present  waters  b}^  the  Gar-pike  (Lepidosteus)  and 
Sturgeon  (Acipenser),  but  in  the  Devonian  sea,  chiefl}'  by  the 
Placoderms,  the  exact  affinities  of  which  are  somewhat  in  doubt. 
"With  these  were  Elasmobranchs,  or  the  Shark  tribe,  and  among 
them  a  few  Chimaeroids,  a  peculiar  type,  of  which  one  or  two 
members  still  survive.  The  Placoderms  were  the  mouarchs  of  the 
ocean.  All  were  well  protected  by  a  massive  coat  of  armor,  and 
some  of  them  attained  huge  dimensions.  The  American  Devonian 
fishes  now  known  are  not  as  numerous  as  those  of  Europe,  but 
the}'  were  larger  in  size,  and  mostly  inhabitants  of  the  open  sea. 
Some  twenty  genera  and  forty  species  have  been  described. 

The  more  important  genera  of  Placoderms  are  Dinichthys, 
Aspidichthys,  and  Diplognathus,  our  largest  Palaeozoic  fishes. 
Others  are,  Acanthaspis,  Acantholepis,  Coccosteus,  MacropetaUck- 
thys,  and  Onychodus.  Among  the  Elasmobranchs  were  Cladodus, 
Ctenacanthus,  Machceraccaithus,  Ehynchodus,  and  Ptyctodus,  the 
last  two  being  regarded  as  Chimaeroids.     In  the  Chemung  epoch, 
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the  great  DiptoiiiUi  family  was  introduced  with  Diplems,  Tleliodns, 
ami  [)os.sil)ly  Ceratodiis.  Species  of  tlie  Kmopeaii  genera,  Jioth- 
riolejiit,  and  Iloloptychius,  have  likewise  been  found  in  our 
Devonian  deposits. 

Willi  the  close  of  the  Devonian,  came  the  almost  total  extinc- 
tion of  the  great  group  of  Placodcrms,  while  the  Elasmobranchs, 
which  had  hitherto  occupied  a  subordinate  position,  increase  in 
numbers  and  size,  antl  appear  to  be  represented  by  Sharks,  Kays, 
and  Chimueras.  Among  the  members  of  this  group  from  the 
Carboniferous,  were  numerous  Cestracionts,  species  of  Cochliodus 
of  large  size,  with  others  of  the  genera  Deltodus,  Ilelodus,  Psam- 
modus  and  Sandalodus.  Of  the  Petalodonts,  there  were  AntUodns^ 
Chomatodus,  Ctenoptijchius,  Pekdodus,  a\K\  Petalorhynchus ;  and  of 
the  Ilybodonts,  the  genera  Cladodus,  Carcharopsis  and  Diplodns. 
These  Elasmobranchs  were  the  rulers  of  the  Carboniferous  open 
sea,  and  more  than  one  hundred  species  have  been  found  in  the 
lower  part  of  this  formation  alone.  The  Ganoids,  although  still 
abundant,  were  of  smaller  size,  and  denizens  of  the  more  shallow 
and  confined  waters.  The  latter  group  of  fishes  was  represented 
by  true  Lepidostidae,  of  the  genera  Palceoniscus,  Amllyptenis, 
Plaiysovius  and  Eurylepis.  Other  genera  are  lihizodus,  Megalich- 
t/ujs,  Ctenodas,  Edestus,  Orodus,  Ctenacanthus,  Gyracanthus,  and 
Ccelacanthua.     Most  of  these  genera  occur  also  in  Europe. 

From  the  Permian  rocks  of  America,  no  vertebrate  remains  are 
known,  although  in  the  same  formation  of  P2urope  Ganoids  are 
abundant ;  and  with  them  are  remains  of  Sharks,  and  some  other 
fishes,  the  aflSnities  of  which  are  doubtful.  The  Palaeozoic  fishes 
at  present  known  from  this  country  are  quite  as  numerous  as  those 
found  in  Europe. 

In  the  Mesozoic  age,  the  Fishes  of  America  begin  to  show  a 
decided  approach  to  those  of  our  present  waters.  From  the 
Triassic  rocks,  Ganoids  only  are  known,  and  they  are  all  more  or 
less  closely  related  to  the  modern  Gar-pike  or  Lepidosteus.  They 
are  of  small  size,  and  the  number  of  individuals  preserved  is  very 
large.  The  characteristic  genera  are,  Catopterus^  lachypterus, 
Ptycholepis^  Ehabdolepis,  and  Turseodus.  From  the  Jurassic  de- 
posits, no  remains  of  fishes  are  known, ^  but  in  the  Cretaceous, 
ichthyic   life   assumed  many   and   various   forms ;    and  the  first 

>  A  species  of  Ceratodus  has  recently  been  found  'n  the  upper  Jurassic  of  Colorado, 
and  named  by  the  writer  C.  Guntheri,  —  0.  C.  M. 
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representatives  of  the  Teleosts,  or  boii}-  fishes,  the  characteristic 
fishes  of  to-day,  make  their  appearance.  In  tlie  ileep  open  sea  of 
this  age,  Elasraobranchs  were  the  prevailing  forms.  Sharks  and 
Chimteroids  being  most  numerous.  In  the  great  inland  Cretaceous 
sea  of  North  America,  true  osseous  fishes  were  most  abundant, 
and  among  them  were  some  of  carnivorous  habits  and  immense 
size.  The  more  sheltered  bays  and  rivers  were  shared  by  the 
Ganoids  and  Teleosts,  as  their  remains  testify.  The  more  com- 
mon genera  of  Cretaceous  Elasmobranchs  were  Otodits,  Oxyrliina^ 
O'ateocerdo,  Lamna  and  Ptychodus.  Among  the  osseous  fishes, 
lieryx,  Enchodus,  Portheus  sliuX  Saurocephalus  were  especially  com- 
mon, while  the  most  important  genus  of  Ganoids  was  Lejndotus. 

The  Tertiar}'  fishes  are  nearly  all  of  modern  types,  and  from 
the  beginning  of  this  period  there  was  comparatively  little  change. 
In  the  marine  beds.  Sharks,  Ra^-s  and  Chimajroids  maintained 
ineir  supremacy,  although  Teleosts  were  abundant,  and  many  of 
Ihem  of  large  size.  The  Ganoids  were  comparatively  few  in 
number.  In  the  earliest  Eocene  fresh-water  deposits,  it  is  inter- 
esting to  find  that  the  modern  Gar-pike,  and  Aiuia,  the  Dog-fish 
of  our  western  lakes,  which  by  their  structure  are  seen  to  be  rem- 
nants of  a  very  early  type,  are  well  represented  by  species  so 
closely  allied  to  them  that  only  an  anatomist  could  separate  the 
ancient  from  the  modern.  In  the  succeeding  beds,  these  fishes 
are  still  abundant,  and  with  them  are  Siluroids  nearly  related  to 
the  modern  Cat-fish  {Pimeludus).  Many  small  fishes,  allied  ap- 
parently to  the  modern  herring  {Clupea),  left  their  remains  in 
great  numbers  in  the  same  deposits,  and,  with  them  has  been  re- 
cently found  a  land-locked  Ray  {Heliobatis). 

The  almost  total  absence  of  remains  of  fishes  from  the  Miocene 
lake  basins  of  the  West  is  a  remarkable  fact,  and  perhaps  may  best 
be  explained  by  the  theory  that  these  inland  waters,  like  many  of 
the  smaller  lakes  in  the  same  region  to-day,  were  so  impregnated 
with  mineral  matters  as  to  render  the  existence  of  vertebrate  life 
in  them  impossible.  No  one  who  has  tasted  such  waters,  or  has 
attempted  to  ford  one  of  the  modern  alkaline  lakes  which  are  often 
met  with  on  the  present  surface  of  the  same  deposits,  will  doubt 
the  efficiency  of  this  cause,  or  the  easy  entombment  of  the  higher 
vertebrates  that  ventured  within  their  borders.  In  the  Pliocene 
lake-basins  of  the  same  region,  remains  of  fishes  were  not  uncom- 
mon, and  ill  some  of  them  are  very  numerous.     These  are  all  of 
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modem  typos,  ami  most  of  thcni  aie  Cypiinoids,  related  to  tlie 
modern  Carp.  The  Post-pliocene  lislies  are  essenthdly  tliose  of 
to-tlay. 

In  tlii.s  brief  synopsis  of  the  i)ast  ielithyic  life  of  this  Continent, 
I  have  mentioned  <inly  a  few  of  the  more  important  facts,  but 
Buflicient,  I  trust,  to  give  an  outline  of  its  history.  Of  this  his- 
tory, it  is  evident  that  we  have  as  3  et  only  a  very  imperfect  rec- 
ord. We  have  seen  that  the  earliest  remains  of  fishes  known  in 
this  countiy  are  from  tlie  lower  Devonian  ;  but  these  okl  fishes 
show  so  great  a  diversity  of  form  and  structure,  as  to  clearly  in- 
dicate for  the  class  a  much  earlier  origin.  In  this  connection,  we 
must  bear  in  mind  that  the  two  lowest  groups  of  existing  fishes 
are  entire!}-  without  osseous  skeletons,  and  hence,  however  abun- 
dant, wouUl  leave  no  permanent  record  in  the  deposits  in  which 
remains  of  fishes  are  usuall}'  preserved.  It  is  safe  to  infer,  from 
the  knowledge  which  we  now  possess  of  the  simpler  forms  of  life, 
that  even  more  of  the  early  fishes  were  cartilaginous,  or  so  desti- 
tute of  hard  parts  as  to  leave  no  enduring  traces  of  their  exis- 
tence. Without  positive  knowledge  of  such  forms,  and  considering 
the  great  diversit3'of  those  we  have,  it  would  seem  a  hopeless  task 
at  present  to  attempt  to  trace  successfully  the  genealogy  of  this 
class.  One  line,  however,  appears  to  be  direct,  from  our  modern 
Gar-pike,  through  the  lower  Eocene  Lepidostens  to  the  Lepidotus 
of  the  Cretaceous,  and  perhaps  on  through  the  Triassic  Ischypterus 
and  Carboniferous  Pcdceoniscus ;  but  bevond  this,  in  our  rocks,  it 
is  lost.  The  living  Chimaera  of  our  Pacific  coast  has  nearly  allied 
forms  in  the  Tertiar}-  and  Cretaceous,  more  distant  relatives  in  the 
Carboniferous,  and  a  possible  ancestor  in  the  Devonian  Rltyn- 
cliodus.  Our  Sharks  likewise  can  be  traced  with  some  certainty 
back  to  the  Palaeozoic  ;  and  even  the  Lepidosiren,  of  South  Amer- 
ica, although  its  immediate  predecessors  are  unknown,  has  some 
l)eeuliar  characters  which  strongly  point  to  a  Devonian  ancestr}'. 
These  suggestive  lines  indicate  a  rich  field  for  investigation  in  the 
ancient  life-history  of  American  fishes. 

The  Amphibians,  the  next  higher  class  of  vertebrates,  are  so 
closely  related  to  the  fishes  in  structure,  that  some  peculiar  forms 
of  the  latter  have  been  considered  by  anatomists  as  belonging  to 
this  group.  The  earliest  existence  of  Amphibian  evidence,  on  this 
continent,  is  in  the  Sub-Carboniferous,  where  foot-prints  have  been 
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fouiul  which  were  probably  made  l)y  Labyrinthodonts,  the  most 
ancient  representatives  of  the  class.  Well  })reserve(l  remains  are 
abundant  in  the  Coal  Measures,  and  sliow  that  the  Labyrinthodonts 
ditTered  in  important  particulars  from  all  modern  Amphibians,  the 
group  which  includes  our  frogs  and  salamanders.  Some  of  these 
ancient  animals  resembled  a  salamander  in  shaj)e,  while  others 
were  serpent-like  in  form.  None  of  those  yet  discovered  were 
frog-like,  or  without  a  tail,  although  the  restored  Labyrinthodont 
of  the  text  books  is  thus  represented.  All  were  i)rotecled  by 
large  pectoral  bony  plates,  and  an  armor  of  small  scutes  on  the 
ventral  surface  of  the  body.  The  walls  of  the  teeth  were  more 
or  less  folded,  whence  the  name  Labyrinthoch^nt.  The  American 
Amphibians  known  from  osseous  remains  are  all  of  moderate  size, 
but  the  foot-prints  attributed  to  this  group  indicate  animals  larger 
than  any  of  the  class  yet  found  in  the  old  world.  The  Carbonif- 
erous Amphibians  were  abundant  in  the  swampy  tropical  forests  of 
that  period,  and  their  remains  have  been  found  iml)edded  in  the 
coal  then  deposited,  as  well  as  in  hollow  stumps  of  the  trees  left 
standing. 

The  principal  genera  of  this  group  from  American  Carboniferous 
rocks,  are,  Sauropus,  known  only  from  foot-prints,  Bupheles,  Den- 
dreiyeton,  Ilylonomus,  Ilijlerpeton,  Raniceps,  Pelion,  Leptophractus^ 
Molgophis,  Plyonms,  Amphibamus,  Coci/Unns,  and  Ceraterpeton. 
The  last  genus  occurs  also  in  Europe.  Certain  of  these  genera 
Lave  been  considered  by  some  writers  to  be  more  nearly  related  to 
the  Lizards,  among  true  reptiles.  Some  other  genera  known  from 
fragmentary  remains  or  foot-prints  in  this  formation  have  likewise 
been  referred  to  the  true  reptiles,  but  this  question  can  perhaps  be 
settled  only  by  future  discoveries. 

No  Amphibia  are  known  from  American  Permian  strata,  but  in 
the  Triassic,  a  few  characteristic  remains  have  been  found.  The 
three  genera,  DidyocepJialns^  Dispdor  and  Pariostpgus,  have  been 
described,  but,  although  ai)parently  all  Labyrinthodonts,  the  re- 
mains preserved  are  not  suflicient  to  add  much  to  our  knowledge 
of  the  group.  The  Triassic  foot-prints  which  have  been  attributed 
to  Amphibians  are  still  more  unsatisfactory,  and  at  present  no 
imporfant  conclusions  in  regard  to  this  class  can  be  based  ujion 
them.  From  the  Jurassic  and  Cretaceous  beds  of  this  Continent, 
no  remains  of  Amphil)ians  arc  known.  A  few  only  have  been 
found  in  the  Tertiary,  and  these  are  all  of  modern  types. 
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Tl»o  Amphilda  are  so  nearly  allied  to  tlie  Ganoid  fishes  that  we 
can  hardly  duuht  their  descent  from  some  member  of  that  group. 
"With  our  present  limited  knowledge  of  the  extinct  forms,  however, 
it  would  l)e  iinprofitahle  to  attempt  to  trace  in  detail  their  proba- 
ble genealogy. 

The  authors  to  whom  especial  credit  is  due  for  our  knowledge 
of  American  fossil  Fishes  and  Amphibians  are  Newberry,  Leidy, 
Cope,  Dawson,  Agassiz,  St.  John,  Gibbes,  Wyman,  Redfield,  and 
Emmons,  and  the  principal  literature  of  the  subject  will  be  found 
in  their  publications. 

Reptiles  and  Birds  form  the  next  great  division  of  vertebrates, 
the  Sauropsida,  and  of  these  the  Reptiles  are  the  older  t^-pe,  and 
may  be  first  considered.  While  it  may  be  stated  with  certainty 
that  there  is  at  present  no  evidence  of  tlie  existence  of  this  group 
in  American  rocks  older  than  the  Carboniferous  there  is  some 
doubt  in  regard  to  their  appearance  even  in  this  period.  Various 
foot-prints  which  strongl}'  resemble  those  made  b}'  Lizards  ;  a  few 
well  preserved  remains  similar  to  the  corresponding  bones  in  that 
group  ;  and  a  few  characteristic  specimens,  nearly'  identical  with 
those  from  another  order  of  this  class,  are  known  from  American 
Coal  Measures.  These  facts,  and  some  others  which  point  in  the 
same  direction,  render  it  probable  that  we  may  soon  have  conclu- 
sive evidence  of  the  presence  of  true  Reptiles  in  this  formation, 
and  in  our  overlying  Permian,  which  is  essentiall}^  a  part  of  the 
same  series.  In  the  Permian  rocks  of  Europe,  true  Reptiles  have 
been  found. 

The  Mesozoic  Period  has  been  called  the  Age  of  Reptiles,  and 
during  its  continuance  some  of  the  strangest  forms  of  reptilian 
life  made  their  appearance,  and  became  extinct.  Near  its  com- 
mencement, while  the  Triassic  shales  and  sandstones  were  being 
deposited,  true  reptiles  were  abundant.  Among  the  most  charac- 
teristic remains  discovered  are  those  of  the  genus  Belodon,  which 
is  well  known  also  in  the  Trias  of  Europe.  It  belongs  to  the 
Thecodont  division  of  Reptiles,  which  have  teeth  in  distinct  sock- 
ets, and  its  nearest  affinities  are  with  the  Crocodilia,  of  which  order 
it  may  be  considered  the  oldest  known  representative.  In  the 
same  strata  in  which  the  Belodonts  occur,  remains  of  Dinosaurs 
are  found,  and  it  is  a  most  interesting  fact  that  these  highest  of 
reptiles  should  make  their  appearance,  even  in  a  generalized  form, 
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at  this  stage  of  the  earth's  histoiy.  The  Dinosaurs,  although 
true  reptiles  in  all  their  more  important  characters,  show  certain 
well  marked  points  of  reseml)lancc  to  existing  birds  of  the  order 
Batifrr,  a  group  which  includes  the  Ostriches ;  and  it  is  not 
improbable  that  they  were  the  parent  stock  from  which  birds 
originated. 

During  Triassic  time  the  Dinosaurs  attained  in  America  an 
enormous  development  both  in  variety'  of  forms  and  in  size.  Al- 
though comparatively  few  of  their  bones  have  as  yet  been  did^ 
covered  in  the  rocks  of  this  country,  they  liave  left  unmistakable 
evidence  of  their  presence  in  the  foot-prints  and  other  improssions 
upon  the  shores  of  the  waters  which  they  frequented.  Tiie  Trias- 
sic sandstone  of  the  Connecticut  Valle}-  has  long  been  famous  for 
its  fossil  foot-prints,  especially  the  so-called  "bird-tracks,"  which 
are  generally  supposed  to  have  been  made  by  birds,  the  tracks  of 
which  many  of  them  closely  resemble.  A  careful  investigation, 
however,  of  nearly  all  the  specimens  yet  discovered,  has  convinced 
me  that  there  is  not  a  particle  qf  evidence  that  any  of  these  fossil 
impressions  were  made  b}-  birds.  Most  of  these  three-toed  tracks 
were  certainly  not  made  by  Itirds  ;  but  by  quadrupeds,  which  usu- 
all}'  walked  upon  their  hind  feet  alone,  and  only  occasionally  put 
to  the  ground  their  smaller  anterior  extreiiiitics.  I  have  myself 
detected  the  impressions  of  these  anterior  liuil)S  in  connection 
with  the  posterior  foot-prints  of  nearly  all  of  the  supposed  '"bird- 
tracks"  descril)ed,  and  have  little  doubt  that  they  will  eventually 
be  found  with  all.  These  double  impressions  are  precisely  the 
kind  which  Dinosaurian  reptiles  would  make,  and  as  the  only 
characteristic  lx)nes  j'et  found  in  the  same  rocks  belong  to  animals 
of  this  group,  it  is  but  fair  to  attribute  all  these  foot-prints  to 
Dinosaurs,  even  where  no  impressions  of  fore-feet  have  been 
detected,  until  some  evidence  appears  that  they  were  made  by 
Birds.  I  have  no  doubt  that  Birds  existed  at  this  time,  although 
at  present  the  proof  is  wanting. 

The  principal  genera  of  Triassic  Reptiles  known  from  osseous 
remains  in  this  country  are,  Am-phisauruH  {Megadactylus),  from 
the  Connecticut  Vallej-,  Bathygnathua,  from  Prince  Edward's 
Island,  Belodo7i  and  Clepsysauriis.  Other  generic  names  which 
have  been  applied  to  foot-prints  and  to  fragmentary  remains  need 
not  be  here  enumerated.  A  few  remains  of  Reptiles  have  been 
found  in  undoubted  Jurassic  rocks  of  America,  but  they  are  not 
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pudicii'iitly  well  tlotciinined  to  be  of  sorvico  in  this  connection. ^ 
OlluTs  liiivc  lici'M  iciioiUmI  from  siippuscil  .Jurassic  stiala,  wliicli 
are  now  Iviiowii  to  lie  C'lclaceons.  Jt  will  llms  Ite  seen  that 
altiioiiuli  rci)tiliaii  life  was  esi)ecially  ahun<hint  (hiring  the  Tri- 
nssic  and  .Inrassic  peiiods,  hut  lew  hones  liave  lieen  (bund.  Tliis 
is  ouiiiix  in  part  to  the  eliaracter  of  most  of  llie  rucivs  then  formed 
which  were  not  well  lilted  Ibr  preserving  buch  remains,  althongh 
admirably  adapted  to  retain  fool-prints. 

'  During  tlie  Cretaceous  Period,  Reptilian  life  in  America  attained 
its  greatest  development,  and  the  sediments  laid  down  in  the  open 
seas  and  estuaries  were  usually  most  favorable  for  the  preservation 
of  a  faithful  record  of  its  various  phases.  Without  sucli  a  perfect 
matrix  as  some  of  these  deposits  aflbnl,  many  of  the  most  inter- 
esting vertebrates  recently  brought  to  light  from  this  formation 
vould  probabl}'  have  remained  unknown.  Tiie  vast  extent  of 
these  beds  ensures,  moreover,  many  future  discoveries  of  interest. 
In  the  lowest  Cretaceous  strata  of  the  Rocky  Mountain  region, 
the  Dakota  group,  part  of  which  at  least  represents  the  "Weahlen  of 
Europe,  remains  of  Chelonia,  or  Turtles,  Crocodiles  and  Dinosaurs 
occur,  the  last  being  especially  abundant.  The  Chelonia,  although 
known  from  the  Jurassic  of  Europe,  here  appear  for  the  first  time 
in  American  locks.  vSome  of  the  earliest  forms  are  allied  to  the 
modern  genus  Trionyx.  In  the  higher  Cretaceous  beds,  some 
Chelonians  of  enormous  size  have  been  found.  They  belong  to 
the  genus  Atla)dochcl;/s,  which  has  the  ribs  separate,  as  in  the  ex- 
isting Sphargis,  and  [)resents  other  embr^'onic  characteis.  A  few 
genera  appear  to  be  relatetl  to  the  modern  genus  Chelone.  The 
remaining  Cretaceous  species  were  mostly  of  the  Emydoid  type; 
and^others  were  related  to  Chelydra.  The  more  important  genera 
of  Cretaceous  Clieloiiians  known  from  characteristic  specimens 
are,  Ailantochehjs  {Protostcga),  Adocvs,  BoiJireiuyfi.  Compscmys^ 
Plastomenus,  O.leopygis,  Propleiwa,  Lytoloma  and  Taphronphys. 
Most  of  these  genera  were  represented  bj'  several  species,  and 
the  individuals  were  numerous.  No  land  Tortoises  have  as  3et 
been  found  in  this  formation.  In  American  Tertiary  deposits, 
Chelonians  are  abundant,  especiall}'  in  the  fresh-water  beds.  They 
all  show  near  affinities  with  modem  t^-pes,  and  most  of  them  can 

"  Since  this  address  was  delivered,  I  have  determined  the  beds  coDtnining  gigantic 
Dinosaurs,  on  the  flanks  of  the  Rocky  Mountains,  to  be  upper  Jurassic,  and  cnllcd 
them  Atlantosaurus  beds.  (See  frontispiece,  section.)  These  strata  were  formeriy 
referred  to  the  Dakota  group,  or  base  of  the  Cretaceous.  — O.  C.  M. 
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be  vcfcrrccl  to  existing  gcnorn.  In  tlie  Tertiary  lake-bas'ms  of  the 
West,  Uiiul  Tortoises  are  xcvy  miinerous,  ami  willi  them  arc  many 
fresh-water  forms  of  Trionyx  am]  allied  genera. 

A  striking  feature  of  the  American  Cretaceous  fauna,  as  con- 
trasted with  that  of  Euro[)e,  is  the  almost  entire  absence  in  our 
strata  of  species  of  Iclit/ii/osanri(s  an<l  PlcsioHU'rus.  which  alionnd 
in  many  other  regions,  but  here  seem  to  be  rei)laced  b}-  the  ]Mosa- 
saurs.  A  few  fragmentary  remains  have  indeed  been  referred  to 
these  genera^  but  the  determination  may  fairl}^  be  questioned. 
This  is  more  than  true  of  the  proposed  new  order  Strejytosanria, 
which  was  founded  wiioll}'  on  erior.  The  order  Plesiosauria,  how- 
ever, is  well  represented,  but  mainly  by  forms  more  nearly  related 
to  the  genus  Pliosanrus  than  to  the  type  of  the  group.  These 
were  marine  reptiles,  all  of  large  size,  while  some  of  them  at- 
tained vast  dimensions.  So  far  as  at  present  identified,  they  may 
be  referred  to  the  genera,  Chnoliosaurus,  Discoscnmis  (Elasmo- 
saurus),  and  Pliosaurus.  The  number  of  species  is  comparatively 
few,  and  none  are  known  above  the  Cretaceous.  The  important 
suggestion  of  Gegenbaur,  that  the  Halisimria,  wliich  include  the 
Plesiosaurs,  branched  off  from  the  Fishes  before  the  Amphii)ians, 
finds  some  sui)port  in  American  specimens  recently  discovered. 

The  Rei)tiles  most  characteristic  of  our  An)erican  Cretaceous 
strata  are  the  Mosasauria,  a  group  with  ver\-  few  representatives 
in  other  parts  of  the  world.  In  our  Cretaceous  seas,  they  ruled 
supreme,  as  tlieir  numbers,  size,  and  carnivorous  habits  enabled 
them  to  easily  vanquish  all  rivals.  Some  were  at  least  sixty  feet 
in  length,  and  the  smallesi  ten  or  twelve.  In  the  inland  Creta- 
ceous sea  from  which  the  Rocky  Mountains  were  Ijeginning  to 
emerge,  these  ancient  "Sea  Serpents"  abounded  ;  and  many  were 
entombed  in  its  muddy  bottom.  On  one  occasion,  as  I  rode 
through  a  valley  washed  out  of  this  old  ocean  bed,  I  saw  no  less 
than  seven  different  skeletons  of  these  monsters  in  sight  at  once. 
The  Mosasaurs  were  essentially  swimming  Lizards,  with  four  well 
developed  paddles,  and  they  had  little  allinity  with  modern  ser- 
pents, to  which  they  have  been  compared.  The  species  are  quite 
numerous,  but  they  belong  to  comparativel}'  few  genera,  of  which 
Mosascmrus,  Tylosaurns,  Lestosaurus,  Edestosanrus,  have  alone 
been  identified  with  certainty'.  The  genus  Mosasauriis  was  first 
found  in  Europe.  All  the  known  species  of  the  group  are 
Cretaceous. 
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The  Crocudilia  arc  altiiiKhiiit  in  rocks  of  Ciotacooiis  age  in 
Ainerica,  anil  two  ilislinit  types  are  icpiesenled.  The  older  type, 
which  is  foreshadowed  liy  lielo(h>}i  of  the  Trias,  has  biconcave  ver- 
tebra', and  shows  niaiked  aiilnilies  with  llie  genus  Taleosaurus, 
from  the  Jura  of  Europe.  The  best  known  genus  is  Ilnposaurus, 
of  wliich  there  are  several  species,  all  more  or  less  resembling  in 
form  thi'  modern  (iavial,of  the  Ganges.  A  peculiar  intermediate 
foini  is  seen  in  JJijilosaurus.,  fi'om  the  "Wealden  of  the  Rocky 
^lountains.  The  second  type,  which  now  makes  its  appearance 
for  the  (irst  time,  has  proccelian  vertebrae,  and  in  other  respects 
resembles  existing  Crocodiles.  The  genera  described  are  Botto- 
saurus,  IIolops  and  Thoracosaurus,  none  of  which,  so  far  as  known, 
pass  above  the  Cretaceous.  Of  Crocodilia  with  opisthoccelous 
vertebrjB,  America,  so  far  as  we  know,  has  none.  Specimens  simi- 
lar to  those  so  termed  in  Europe,  are  not  uncommon  here,  but  they 
pertain  to  Dinosaurs. 

In  the  Eocene  fresh-water  beds  of  the  West,  Crocodilians  are 
especially  al)undant,  and  all,  with  the  exception  of  Limnosaurus, 
belong  apparently  to  the  genus  Crocodilus,  although  some  species 
show  certain  points  of  resemblance  to  existing  Alligators.  The 
Miocene  lake-basins  of  the  same  region  contain  no  remains  of 
Crocodiles,  so  far  as  known,  and  the  Pliocene  deposits  have 
afforded  only  a  single  species.  The  Tertiary  marine  beds  of  the 
Atlantic  Coast  contain  comparatively  few  Crocodilian  remains,  and 
all  are  of  modern  types  ;  the  genus  Gavialis  having  one  Eocene 
species,  and  the  Alligator  being  represented  only  in  the  latest 
deposits. 

It  is  worthy  of  special  mention  in  this  connection,  that  no  true 
Lacertiliciy  or  Lizards,  and  no  Ophidia,  or  Serpents,  have  yet  been 
detected  in  American  Cretaceous  beds ;  although  their  remains,  if 
present,  would  hardly  have  escaped  observation  in  the  regions  ex- 
plored. The  former  will  doubtless  be  found,  as  several  species 
occur  in  the  I\Iesozoic  of  Europe  ;  and  perhaps  the  latter,  although 
the  Oi)hidians  are  apparently  a  more  modern  type.  In  the  Eocene 
lake-basins  of  Western  America,  remains  of  Lizards  are  ver^-  nu- 
merous, and  indicate  species  much  larger  than  any  existing  to-day. 
Some  of  these,  the  Gbjplosauridce,  were  protected  by  a  highl}^  or- 
namented l)ony  coat  of  mail,  and  others  were  covered  with  scales, 
like  recent  Lizards.  A  few  reseml>lod,  in  their  more  important 
characters,  the  modern  Iguana.      The  genera  best  represented  in 
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the  Eocene  are,  Glyptosaurus,  Iguanacus,  Oreosaurus,  Thinosau- 
rus,  Tinosaurns  and  Saniva.  Some  of  these  genera  appear  lo 
have  continued  into  the  Miocene,  hut  here,  as  well  as  in  tlie  Plio- 
cene, few  remains  of  this  group  have  been  found.  It  is  not  im- 
probable that  some  of  our  extinct  Reptiles  may  prove  to  belong  to 
Rijnchocephula,  but  at  present  this  is  uncertain.  The  genus  Noto- 
saiirus,  from  Brazil,  has  biconcave  vertebra?,  and  some  other  char- 
acters which  point  to  that  group.  No  Dicynodonts  or  Thcriodonts 
have  as  yet  been  found  in  this  country. 

The  first  American  Serpents,  so  fi\ras  now  known,  appear  in  the 
Eocene,  which  contains  also  the  oldest  European  species.  On  the 
Atlantic  border,  the  genus  Titanophis  (DinopJus)  is  represented  by 
several  species  of  large  size,  one  at  least  thirty  feet  in  length,  and 
all  doubtless  inhabitants  of  the  sea.  In  the  fresh-water  Western 
Eocene,  remains  of  snakes  are  abundant,  but  all  arc  of  moderate 
size.  The  largest  of  these  were  related  to  the  modern  Boa  Con- 
strictors. The  genera  described  are  Boavus,  LithojyJiis,  and  IJmno- 
phis.  The  Miocene  and  Pliocene  Snakes  from  the  same  region  are 
known  only  from  a  few  fragmentary  remains. 

The  Pterosaitria,  or  flying  Lizards,  are  among  the  most  interest- 
ing Reptiles  of  Mesozoic  time,  and  man}-  of  them  left  their  remains 
in  the  soft  sediments  of  our  inland  Cretaceous  sea.  These  were 
veritable  Dragons,  having  a  spread  of  wings  of  from  ten  to  twenty- 
five  feet.  They  differed  essentially  from  the  smaller  Pterodactyles 
fvjuud  in  the  old  world,  in  the  entire  absence  of  teeth,  showing  in 
this  respect  a  resemblance  to  modern  birds ;  and  they  possess 
other  distinctive  characters.  Tiiey  have,  therefore,  been  placed  in 
a  new  order,  Pteranodontia,  from  the  typical  genus  Pteranodon,  of 
which  five  species  are  known.  The  only  other  genus  is  Nyctosau- 
rus,  represented  by  a  single  species.  All  the  specimens  yet  found 
are  from  essentiall}'  the  same  horizon,  in  the  Chalk  of  Kansas. 
The  reported  discovery  of  remains  of  this  order  from  older  for- 
mations in  this  country  is  without  foundation. 

The  strange  Reptiles  known  as  Dinosauria^  which,  as  we  have 
seen,  were  numerous  during  the  deposition  of  our  Triassic  shales 
and  sandstones,  have  not  yet  been  found  in  American  Jurassic, ^ 
but  were  well  represented  here  throughout  the  Cretaceous,  and  at 
its  close  became  extinct.  These  animals  possess  a  peculiar  inter- 
est to  the  anatomist,  since,  although  reptilian  in  all  their  main 

»  See  note  on  page  220. 
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cliaraotcrs,  they  show  clofir  afllnitiivs  witli  tho  Birds,  and  have  porae 
foaturcs  wliich  may  point  to  Mainiiials.  'IMu'  Cietaccoiis  Dinosaurs 
were  all  of  lixr^e  size,  and  most  of  Ihcni  waliiod  on  the  hind  feet 
alone,  like  modern  Strtitliious  birds.  Two  well  marked  types  ma\' 
be  distinj^uished  among  the  remains  diseovered  in  de|)0sits  of  this 
age:  the  herbivorous  forms,  represented  mainly  by  Ilaclrosaurus, 
a  near  ally  of  the  Ignanoflon  of  Enrope  ;  and  their  carnivorons 
enemies,  of  whieh  Di\>/]>tosaurHS  {L(ehips)  may  be  considered  typi- 
cal in  this  country,  ami  Mpgalosavrus  in  En!ope.  Near  the  base 
of  our  Cretaceous  formation,  in  beils  whicli  I  regard  as  the  equiv- 
alent of  the  European  Wealden,  the  most  gigantic  forms  of  this 
order  )'et  diseovered  liave  recently  been  brought  to  light.  One  of 
these  monsters  {Titanosaurus  montanus),'*  from  Colorado,  is  by 
far  the  largest  land  animal  yet  discovered  ;  its  diinensions  being 
greater  than  was  supposed  possible,  in  an  animal  that  lived  and 
moved  upon  the  land.  It  was  some  fift}'  or  sixty  feet  in  length, 
and,  when  erect,  at  least  thirty  feet  in  height.  It  doubtless  fed 
upon  the  foliage  of  the  mountain  forests,  portions  of  which  are  pre- 
served with  its  remains.  With  Titanosaurus,  the  bones  of  smaller 
Dinosaurs,  one  (Nanosaums)  not  larger  than  a  Cat,  as  well  as 
those  of  Crocodiles  and  turtles,  are  not  uncommon. ^  The  recent 
discovery  of  these  interesting  remains,  man}'  and  various,  in  strata 
that  had  long  been  pronounced  b}'  professional  explorers  barren 
of  vertebrate  fossils,  should  teach  caution  to  those  who  decline  to 
accept  the  imperfection  of  our  knowledge  to-day  as  a  fair  plea  for 
the  supposed  absence  of  intermediate  forms. 

In  the  marine  Cretaceous  beds  of  the  "West,  only  a  single  Dino- 
saur {Iladrosanrxis  ugilis)  has  l)een  found,  but  in  the  higher  fresh- 
water beds,  which  mark  the  close  of  this  formation,  their  remains 
are  numerous,  and  indicate  several  well  marked  species,  if  not 
genera.  In  the  marine  beds  on  the  Atlantic  Coast,  the  bones  of 
Dinosaurs  are  frequently  met  with,  and  in  the  Upper  Cretaceous 
Greensand  of  New  Jersey,  the  type  specimens  of  Iladrosaurus 
and  Dryplosaurus  were  found.  In  Cretaceous  fresh-water  deposits 
on  the  coast  of  Brazil,  remains  of  this  order  occur,  but  the  speci- 

*  This  generic  name  proved  to  be  preoccupied,  and  I  have  subsiitiUed  lor  it  AtlantO' 
saunts. — O.  C.  -M. 

^  A  new  order  of  huge  reptiles  {Stegosauriu).  apparently  allied  to  the  Dinosaurs  and 
Chelonia.  and  several  new  genera  of  Dinosaurs  (Allosauriis.  Apatomwus,  Creosaurus, 
Laosnvrus,  and  ^foroS(lun^s).  have  since  been  described  by  the  writer,  from  tlic  same 
upper  Jurassic  horizon.    (American  Journal  of  Science.) 
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mcii^  liitliorto  discovered  are  not  sullieieiitly  cliaracteristic  for 
accurate  iletenninatioii.  This  is  uiilortimateiy  true  of  many 
Dinosaiirian  fossils  from  Xortli  Anierira,  lint  the  great  ninnlier 
of  these  lve[)tiles  which  lived  here  during  the  Cretaceous  Period 
promises  many  future  discoveries,  and  suUtitantial  additions  to  our 
present  knowledge  of  the  group. 

Tlie  first  appearance  of  Birds  in  America,  according  to  our 
present  knowledge,  was  during  the  Cretaceous  Period,  although 
many  announcements  have  been  made  of  their  existence  in  pre- 
ceding epochs.  The  evidence  of  their  presence  in  the  Trias,  based 
on  foot-prints  and  other  impressions,  is,  at  present,  as  we  have 
seen,  without  value  ;  although  we  may  confidently  await  their 
discovery  there,  if  not  in  older  formations,  Archceopteryx,  from 
the  Euro[)ean  Jura,  the  oldest  bird  known,  and  now  fortunately 
represented  by  more  than  a  single  specimen,  clearly  indicates  a 
much  higher  antiquity  for  the  class.  The  earliest  American  forms, 
at  present  known,  arc  the  Odontorufthes,  or  Birds  with  teeth, 
which  have  been  exhumed  within  the  last  few  years,  from  the 
Chalk  of  Kansas.  The  two  genera,  Hesperornis  and  Ichthjornis^ 
are  types  of  distinct  orders,  and  differ  from  each  other  and  from 
Arxhceopteryx  much  more  than  do  any  existing  birds  among  them- 
selves ;  thus  showing  that  Birds  are  now  a  closed  type,  and  that 
the  key  to  the  iiistorj'  of  the  class  must  be  sought  for  in  the 
distant  past. 

In  Hesperornis,  we  have  a  large  aquatic  bird,  nearly  six  feet  in 
length,  with  a  strange  coml)ination  of  characters.  The  jaws  were 
provided  with  teeth,  set  in  grooves  ;  the  wings  were  rudimentary, 
and  useless  ;  while  the  legs  were  very  similar  to  those  of  modern 
diving  birds.  This  last  feature  was  merely  an  adaptation,  as  the 
more  imiwrtant  characters  are  Struthious,  showing  that  Hesper- 
oruis  was  essentially  a  carnivorous  swimming  Ostrich.  Iclithf/ornis, 
a  small  flying  l)ird,  was  stranger  still,  as  the  teeth  were  in  sockets  ; 
and  the  vertebrae  biconcave,  as  in  Fishes,  and  a  few  Reptiles. 
Apatoniis  and  other  allied  forms  occur  in  the  same  beds,  and 
prol)ably  all  were  provided  with  teeth.  It  is  strange  that  the 
companions  of  these  ancient  toothed  Birds  shouM  have  been 
Pterodactyles  without  teeth.  In  the  later  Cretaceous  beds  of  the 
Atlantic  Coast,  various  remains  of  aquatic  Birds  have  been  found, 
but  all  are  apparently  distinct  from  those  of  the  West.     The  known 
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genera  of  American  C'letaeeoiis  birds  are,  Apatoniis^  Bapt^rnis, 
Graciilnriis,  Ilcspcrornis^  Jrlilln/oruis,  jAionii.'^,  Loslornifj  Palco- 
trhiga,  and  Tel  ma  to  mis.  These  are  represented  l»y  some  twenty 
species.  In  Europe,  but  two  s[)ecies  of  Cretaceous  birds  are 
known,  and  bntli  are  l)ased  upon  IVa^nientary  specimens. 

During  the  Tertiary  period,  Birds  were  iiuinerous  in  this  coun- 
try, and  all  yet  discovered  appear  to  have  l)elonged  to  modern 
types.  The  Eocene  species  described  are  niostly  wadirig  birds, 
but  here,  and  in  the  later  Tertiary  ileposits,  some  ciiaractcristic 
American  forms  make  their  appearance,  strongly  foreshadowing 
our  present  avian  launa.  The  extinct  genera  are  the  Eocene 
Uinto7-nis,  related  to  the  Wood[)eckers,  and  Aletornis,  which  in- 
cludes several  species  of  Waders.  Among  the  existing  genera 
found  in  our  Tertiary  beds  are  Aquila,  Bubo,  Meleagris,  Grus^ 
Graculus,  Ptiffinus,  and  Catarractes.  The  Great  Auk  (AIca  im- 
pennis),  which  was  once  very  abundant  on  our  Northeast  Coast, 
has  become  extinct  within  a  few  years. 

In  this  brief  summary  of  the  past  life  of  Reptiles  and  Birds  in 
America,  I  have  endeavored  to  exclude  doubtful  forms,  and  those 
ver}'  imperfectl}'  known,  preferring  to  present  the  conclusions 
reached  b}'  careful  study,  incomplete  though  they  be,  rather  than 
•weary  you  with  a  descriptive  catalogue  of  all  the  fossils  to  which 
names  have  been  applied.  Even  this  condensed  review  can  hardly 
fail  to  give  you  some  conception  of  the  wealth  of  our  continent  in 
the  extinct  forms  of  these  groups,  and  thus  to  suggest  what  its 
actual  life  must  have  been. 

Although  the  Trias  olTers  at  present  the  first  unquestioned  evi- 
dence of  true  Reptiles,  we  certainlj-  should  not  be  justified  in 
supposing  for  a  moment  that  older  forms  did  not  exist.  So  too, 
in  considering  the  different  groups  of  Reptiles  which  seem  to 
make  their  first  appearance  at  certain  horizons,  flourish  for  a  time, 
and  then  decline,  or  disappear,  every  day  brings  evidence  to  show 
that  the}'  are  but  fragments  of  the  unraveled  strands  which  con- 
verge in  the  past  to  form  the  mystic  cord  uniting  all  life.  If  the 
attempt  is  made  to  follow  back  any  single  thread,  and  thus  trace 
the  lineage  of  a  group,  we  are  met  li}' difficulties  which  the  science 
of  to-day  can  only  partially  remove.  And  yet  the  anatomist 
constantly  sees  in  the  fragments  which  he  studies  hints  of  relation- 
ship which  are  to  him  sure  prophecies  of  future  discoveries. 

The  genealogy  of  the  Chelonia  is  at  present  unknown,  and  our 
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AmcvicJin  extinct  forms,  so  far  as  we  now  have  them,  throw  little 
light  on  their  ancestry.  This  is  essentially  true,  also,  of  our 
Plesiosauria,  LacertUia,  and  0/>/i/rfm,  although  suggestive  facts 
are  not  wanting  to  indicate  [)09sihle  lines  of  descent.  With  the 
Crocodilia,  however,  the  case  seems  to  be  different,  and  Huxley 
has  alread}'  pointed  out  the  path  for  investigation.  It  is  probable 
that  material  already  exists  in  our  museums  for  tracing  the  group 
through  several  important  steps  in  iis  development.  We  have 
alread}'  seen  that  the  modern  proccelian  type  of  this  order  goes 
back  only  to  the  Upper  Cretaceous,  while  the  Belodonts,  of  our 
Triassic  rocks,  with  their  biconcave  vertebrae,  are  the  oldest  known 
Crocodilians.  Our  Jurassic,  unfortunately,  throws  but  little  light 
ou  the  intermediate  forms,  but  we  know  that  the  line  was  continued, 
as  it  was  in  the  old  world  through  Teleosatirus.  The  beds  of  the 
Rock}-  Mountain  Wealden^  have  just  furnished  us  with  a  genuine 
"missing  link,"  a  saurian  {Di2)Iosma-us)  with  essentially  the  skull 
and  teeth  of  a  modern  Crocodile,  and  the  vertebrae  of  its  prede- 
cessor from  the  Trias.  This  peculiar  reptile  clearly  represents  an 
important  stage  in  the  progressive  series,  and  evidently  one  soon 
after  the  separation  of  the  Crocodile  branch  from  the  main  stem. 
The  modern  Gavial  type  ai)pears  to  have  been  developed  al)out 
the  same  time,  as  the  form  was  well  established  in  the  Upper  Cre- 
taceous genus,  Thoracosaiirus.  The  Teleosaurian  group,  with 
biconcave  vertebrae,  evidently  the  parent  stock  of  Crocodilians, 
became  extinct  with  ILjposauruH  of  the  same  horizon  leaving  the 
Crocodile  and  Gavial,  with  their  more  perfect  procoelian  vertebrae, 
to  contend  for  the  supremacy.  In  the  early  Eocene,  both  of  these 
types  were  abundant,  but  some  of  the  Crocodiles  possessed  char- 
acters pointing  towards  the  Alligators,  which  do  not  appear  to 
have  been  completely  differentiated  until  later. 

Nothing  is  really  known  to-day  of  the  earlier  genealogy  of  the 
Pterosaiiria,  but  our  American  forms,  without  teeth,  are  clearly 
the  last  stage  in  their  development  before  this  peculiar  group 
became  extinct.  The  oldest  Euroi)ean  form,  Dtmorphodon,  from 
the  Lower  Lias,  had  the  entire  jaws  armed  with  teeth,  and  was 
provided  with  a  long  tail.  The  later  genus  Pterodactylus  retained 
the  teeth,  but  had  essentiall}-  lost  the  tail ;  while  Ramphorhynchus 
had  retained  the  elongated  tail,  but  had  lost  the  teeth  from  the  fore 
part  of  both  jaws.     In  the  genus  Pteranodon  fiom  the  American 

*  See  note  on  page  220,  also  section. 
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Cretaceous,  (ho  teeth  are  entirely  al».sent.  and  the  tail  is  a  mere 
rudiment.  In  the  gradual  loss  of  tlie  teeth  and  tail,  these  reptiles 
followed  (he  same  path  as  Birds,  and  nii<iiil  thus  seem  to  approach 
them,  as  many  have  supposed.  Tliis  resemldanee,  however,  is 
only  a  superlieial  one,  as  a  study  of  the  more  important  charac- 
ters of  the  Pterodactyles  shows  that  they  are  an  aherrant  type  of 
Reptiles,  totally  off  the  line  through  which  the  liirds  were  devel- 
oped. The  announcement  made  not  long  since  in  Europe,  and 
accepted  hy  some  American  authors,  that  the  Pterosauria^  in  con- 
sequence of  certain  points  in  their  structure,  were  essentially 
Birds,  is  directly  disproved  by  American  specimens,  far  more 
perfect  than  those  on  which  the  conclusion  was  based. 

It  is  now  generally  admitted  by  biologists  who  have  made  a 
study  of  the  vertebrates,  that  Birds  have  come  down  to  us  through 
the  Dinosaurs,  and  the  close  affinity  of  the  latter  with  recent 
Struthious  Birds  will  hardly  be  questioned.  The  case  amounts 
almost  to  a  demonstration,  if  we  compare,  with  Dinosaurs,  their 
contemporaries,  the  Mesozoic  Birds.  The  classes  of  Birds  and 
Reptiles,  as  now  living,  are  separated  by  a  gulf  so  profound  that 
a  few  years  since  it  was  cited  by  the  opponents  of  evolution  as 
the  most  important  break  in  the  animal  species,  and  one  which  that 
doctrine  could  not  bridge  over.  Since  then,  as  Iiuxle\-has  clearly 
shown,  this  gap  has  been  virtually  tilled  by  the  discovery  of  bird- 
like Reptiles  and  rei)tilian  Birds.  Compsogwdhus  and  Archceop- 
teryx  of  the  old  World,  and  IchtJnjornis  and  Hesperornis  of  the 
New,  are  the  stepping  stones  by  which  the  evolutionist  of  to-day 
leads  the  doubting  brother  across  the  shallow  remnant  of  the  gulf, 
once  thought  impassable. 

It  remains  now  to  consider  the  highest  group  of  the  Animal 
Kingdom,  the  class  Mammalia,  which  includes  Man.  Of  the  ex- 
istence of  this  class  before  the  Trias,  we  have  no  evidence,  either 
in  this  country  or  in  the  Old  World,  and  it  is  a  significant  fact  that 
at  essentially  the  same  horizon  in  each  hemisphere,  similar  low 
forms  of  Mammals  make  their  appearance.  Although  only  a  few 
incomplete  specimens  have  been  discoveied,  they  are  characteristic 
and  well  preserved,  and  all  are  apparently  Marsupials,  the  lowest 
Mammalian  group  which  we  know  in  this  country,  living  or  fossil. 
The  American  Triassic  Mammals  are  known  at  present  only  from 
two  smaller  lower  jaws,  on  which  is  based  the  genus  Drom,atherium, 
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supposed   to  be   related  to  tlie  insoct-eating   Mijrmecobius,  now 
livinji;  in  Australia. 

Although  the  Jura  of  Europe  has  yiehled  other  siuiihir  Mammals, 
we  have  as  vet  none  of  this  class  from  that  formation  ;^  while,  from 
rocks  of  Cretaceous  age,  no  Mammals  are  known  in  an}-  part  of 
the  world.  This  is  especially  to  be  regretted,  as  it  is  evidently  to 
the  Cretaceous  that  we  must  look  for  the  first  representatives  of 
many  of  our  present  groups  of  Mammals,  as  well  as  for  indica- 
tions of  their  more  ancient  lineage.  That  some  discover}'  of  this 
natme  from  the  Cretaceous  is  near  at  hand,  I  cannot  doubt,  when 
I  consitler  what  the  last  few  years  have  brought  to  light  in  the 
Eocene. 

In  the  lowest  Tertiar}'  beds  of  this  country,  a  rich  Mammalian 
faujia  suddenly  makes  its  appearance,  and  from  that  time  through 
the  Age  of  Mammals  to  the  present,  America  has  been  constantly' 
occupied  by  this  type  of  life  in  the  greatest  diversity  of  form. 
Fortunately,  a  nearly  continuous  record  of  this  life,  as  preserved, 
is  now  accessible  to  us,  and  ensures  great  additions  to  our  knowl- 
edge of  the  genealogy  of  Mammals,  and  perhaps  the  solution  of 
more  profound  problems.  Before  proceeding  to  discuss  in  detail 
American  fossil  Mammalia^  it  is  important  to  define  the  divisions 
of  time  indicated  in  our  Tertiar}'  and  Post-Tertiaiy  deposits,  as 
these  in  many  eases  mark  successive  stages  in  the  development  of 
the  mammals. 

The  boundary-  line  between  the  Cretaceous  and  Tertiaiy  in  the 
region  of  the  Rocky  Mountains  has  been  much  in  dispute  during 
the  last  few  years,  mainly  in  consequence  of  the  uncertain  geo- 
logical bearings  of  the  fossil  plants  found  near  this  horizon.  The 
accompanying  invertebrate  fossils  have  thrown  little  light  on  the 
question,  which  is  essential!}',  whether  the  great  Lignite  series 
of  the  West  is  uppermost  Cretaceous,  or  lowest  Eocene.  The 
evidence  of  the  numerous  vertebrate  remains  is,  in  my  judgment, 
decisive,  and  in  favor  of  the  former  view. 

This  brings  up  an  important  point  in  PaljEontology,  one  to 
which  my  attention  was  drawn  several  years  since,  namely  :  the 
comparative  value  of  different  groups  of  fossils  in  marking  geo- 
logical time.  In  examining  the  sul)Joct  with  some  care,  I  found 
that,  for  this  purpose,  plants,  as  their  nature  indicates,  are  most 
unsatisfactory    witnesses;    that   invertebrate    animals   are   much 

'  A  small  marsupial  from  the  upper  Jurassic  of  Wyoming  has  recently  been  described 
by  the  writer,  and  named  Dryolestes priacus .—O.  C.  M. 
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botttM-;  and  that  vertebrates  afford  the  most  reliable  evidence  of 
cliiualic  and  other  geological  changes.  The  subdivisions  of  the 
latter  group,  moreover,  and  in  fact  all  forms  of  animal  life,  are  of 
value  in  tliis  respect,  mainly  according  to  the  peifection  of  their 
organization,  or  zoological  rank.  Fishes,  for  example,  are  but 
slightly  affected  l>y  changes  that  would  destroy  Reptiles  or  Birds, 
and  the  higher  IManiuials  succumb  under  influences  that  the  lower 
forms  pass  through  in  safety.  The  more  special  applications  of 
this  general  law,  and  its  value  in  geolog}',  will  readily  suggest 
themselves. 

The  evidence  offered  by  fossil  remains  is,  in  the  light  of  this 
law,  conclusive,  that  the  line,  if  line  there  be,  separating  our  Cre- 
taceous from  the  Tertiary,  must  at  present  be  drawn  where  the 
Dinosavns  and  other  Mesozoic  vertebrates  disappear,  and  are  re- 
placed by  the  Mammals,  henceforth  the  dominant  type.^ 

The  Tertiar}-^  of  Western  America  comprises  the  most  extensive 
series  of  deposits  of  this  age  known  to  geologists,  and  important 
breaks  in  both  the  rocks  and  the  fossils  separate  it  into  three  well- 
marked  divisions.  These  natural  divisions  are  not  the  exact 
equivalents  of  the  Eocene,  Miocene,  and  Pliocene  of  Europe, 
although  nsuall}'  so  considered,  and  known  by  the  same  names  ; 
but,  in  general,  the  fauna  of  each  appears  to  be  older  than  that  of 
its  corresponding  representative  in  the  other  hemisphere  ;  an  im- 
portant fact,  not  hitherto  recognized.  This  i)artial  resemblance 
of  our  extinct  faunas  to  others  in  regions  widely  separated,  where 
the  formations  are  doubtless  somewhat  different  in  geological 
age,  is  precisel}'  what  we  might  expect,  if,  as  w^as  probable, 
the  main  migrations  took  i)lace  from  this  Continent.  It  is  bet- 
ter at  once  to  recognize  this  principle,  rather  than  attempt  to 
bring  into  exact  parallelism  formations  that  were  not  strictly 
contemporaneous. 

The  freshwater  Eocene  deposits  of  our  Western  Territories, 
which  are  in  the  same  region  at  least  two  miles  in  vertical  thick- 
ness, ma}'  be  separated  into  three  distinct  subdivisions.  The  low- 
est of  these,  resting  nnconformably  on  the  Cretaceous,  has  been 
termed  the  Vermilion  Creek,  or  Wahsatch  Group.  It  contains 
a  well-marked  mammalian  fauna,  the  largest  and  most  character- 
istic genus  of  which  is  the  ungulate  Coi-yphodon,  and  hence  I  have 
called  these  deposits  the  Coryphodon  Beds.     The  middle  Eocene 

*  See  frontispiece,  section. 
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strata,  wliich  have  been  termed  the  Groen  River  and  Bridgev 
Series,  nia}'  be  designated  as  the  Diiioceras  Beds,  as  the  gigantic 
animals  of  tliis  order  are  only  found  here.  Tlie  uppermost  Eocene, 
or  the  Uintah  Group,  is  especially  well  characterized  by  large 
niamnials  of  the  genus  Diplacodon^  and  hence  may  be  termed  the 
Di[)lac()d()n  Beds.  The  fauna  of  each  of  these  three  subdivisions 
was  essentially  distinct,  and  the  fossil  remains  of  each  were  en- 
tomiteil  in  dilferent  and  successive  ancient  lakes.  It  is  important 
to  remember  that  these  Eocene  lake-basins  all  lie  between  the 
Rocky  Mountains  on  the  east  and  the  Wahsatch  Range  on  the 
west,  or  along  the  high  central  plateau  of  the  Continent.  As 
these  mountain  chains  were  elevated,  the  enclosed  Cretaceous  sea 
cut  off  from  the  ocean,  gradual I3'  freshened,  and  formed  these  ex- 
tensive lakes,  while  the  surrounding  land  was  covered  with  a  lux- 
uriant tropical  vegetation,  and  with  many  strange  forms  of  animal 
life.  As  the  upward  movement  of  this  region  continued,  these 
lalce-basins,  which  for  ages  had  been  filling  up,  preserving  in  their 
sediments  a  faithful  record  of  Eocene  life-history,  were  slowly 
drained  by  the  constant  deepening  of  the  outflowing  rivers,  and 
they  have  since  remained  essentially  dry  land. 

The  Miocene  lake-basins  are  on  the  flanks  of  this  region,  where 
only  land  had  been  since  the  close  of  the  Cretaceous.  These 
basins  contain  three  faunas,  nearly  or  quite  distinct.  The  lowest 
Miocene,  which  is  only  found  east  of  the  Rocky  Mountains,  alone 
contains  the  peculiar  mammals  known  as  the  Bronlotheridce^  and 
these  deposits  may  be  called  the  Brontotherium  Beds.  The  strata 
next  above,  which  represent  the  middle  Miocene,  have  as  their 
most  characteristic  fossil  the  genus  Oreodon,  and  are  known  as 
the  Oreodon  Beds.  The  upper  Miocene,  which  occurs  in  Oregon, 
is  of  great  thickness,  and  from  one  of  its  most  important  fossils, 
3fiohippus,  may  be  designated  as  the  Miohippus  Series.  The 
climate  here  during  this  period  was  warm  temperate. 

Above  the  Miocene,  east  of  the  Rocky  Mountains  and  on  the 
Pacific  Coast,  the  Pliocene  is  well  developed,  and  is  rich  in  verte- 
brate remains.  The  strata  rest  unconformably  on  the  Miocene, 
and  there  is  a  well-marked  faunal  change  at  this  point,  modern 
types  now  first  making  their  appearance.  For  these  reasons,  we 
are  justified  in  separating  the  Miocene  from  the  Pliocene  at  this 
break  ;  although  in  P^iirope  where  no  marked  break  exists,  the  line 
seems  to  have  been  drawn  at  a  somewhat  higher  horizon.     Our 
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Pliocene  forms  essentially  J^  continuous  series,  !iItliou<ili  the  upper 
beds  inav  l)e  dislinLMiisiuMl  from  the  lower  by  the  presence  of  a 
true  E'jiiiis.  and  sonu'  other  existing  genera.  The  Pliocene  climate 
was  similar  to  that  of  the  Miocene.  The  Post-plic^cene  beds  con- 
tain many  extinct  mammals,  and  may  thus  be  separated  from 
recent  dc[)Osits. 

Keturning  now  to  our  subject  from  this  geological  digression, 
— which  will  hardly  be  deemed  unprofitable,  since  I  have  given 
you  in  few  words  the  results  of  a  great  deal  of  my  own  hard 
mountain  work, —  let  us  consider  the  Tertiary  mammals,  as  we 
know  them  from  the  remains  already  discovered,  and  attempt  to 
trace  the  history  of  each  order  down  to  the  present  time.  We 
have  seen  that  a  single  small  Marsupial,  from  the  Trias,  is  the 
only  mammal  found  in  all  the  American  rocks  below  the  I^ocene  ; 
and  yet  in  beds  of  this  age,  immediately  over  the  Chalk,  fossil 
mammals  of  many  different  kinds  abound. 

The  Marsupials,  strange  to  say,  are  here  few  in  number,  and 
diminutive  in  size  ;  and  have  as  yet  been  identified  only  b}'  frag- 
mentary specimens,  and  most  of  them  too  imperfect  for  accurate 
description.  In  the  higher  Eocene  deposits,  this  group  is  more 
abundant,  but  still  represented  by  small  animals,  most  of  them 
insectivorous,  or  carnivorous  in  habit,  like  the  existing  OpoBSum. 
From  the  Miocene  and  Pliocene,  no  remains  of  Marsupials  have 
been  described.  From  the  Post-tertiary,  only  specimens  nearl}- 
allied  to  those  now  living  are  known,  and  most  of  these  were 
found  in  the  caves  of  South  America. 

The  Edentate  Mammals  are  evidently  an  American  type,  and 
on  this  Continent  attained  a  great  development  in  numbers  and 
size.  No  Eocene  Edentates  have  been  found  here,  and  although 
their  discovery  in  this  formation  has  been  announced,  the  identifi- 
cation proves  to  have  been  erroneous.  Jn  the  Miocene  of  the 
Pacific  Coast,  a  few  fossils  have  been  discovered  which  belong  to 
animals  of  this  group,  and  to  the  genus  Moropus.  There  are  two 
species,  one  about  as  large  as  a  Tapir,  and  the  other  nearly  twice 
that  size.  This  genus  is  the  type  of  a  distinct  famih',  the  Moropod, 
id(.e.  In  the  lower  Pliocene  above,  well  preserved  remains  of 
Edentates  of  very  large  size  have  been  found  at  several  widely 
separated  localities  in  Idaho  and  California.  These  belong  to  the 
genus  Morotherixim.  of  which  two  species  are  known.  East  of 
the  Rocky  Mountains,  in  the  lower  Pliocene  of  Nebraska,  a  large 
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ppocios,  apparently  of  the  genus  Muropim,  has  been  discovered. 
The  horizon  of  these  hiter  fossils  conesponds  neiuly  with  lieds  in 
Europe  liiat  have  been  called  Mioeene.  In  the  rost-plioeene  of 
Norlii  Anieiiea,  gigantic  Edentates  were  very  numerous  and  widely 
distributed,  but  all  disajjpeared  with  the  close  of  that  period. 
Tliese  forms  were  essentially'  huge  Sloths,  and  the  more  important 
genera  were  Mefjalherium,  Mylodon  and  Mef/aliDii/x.  The  genera 
Jf('(/(iloc}ius  iind  Myomorphus  have  been  found  onl}'  in  Cuba. 

In  .South  America  during  the  Pliocene  or  Post-pliocene,  enor- 
mtnis  Edentates  were  still  more  abundant,  and  their  remains  are 
usually  in  such  perfect  preservation  as  to  suggest  a  very  recent 
period  for  their  extinction.  The  Sloth  tribe  is  represented  by  the 
huge  Mijlodon,  Megatherium,  Megalonyx,  Coelodon,  Ochotherium, 
Gnai.hopis,  Lestodon,  Scelidotherium,  Sph(jenodon;  and  among 
the  Armadillos  were  Cldami/dotherium.,  Eunjdon,  Gbjptodon, 
TIeterodon,  Pachytherium,,  and  Schistopleurum.  Glossotherium,  an- 
other extinct  genus,  is  supposed  to  be  allied  to  the  Ant-eaters. 

It  is  frequently  asserted,  and  veiy  generall}'  believed,  that  the 
large  number  of  huge  Edentata,  which  lived  in  North  America 
dining  the  Post-pliocene,  were  the  results  of  an  extensive  migra- 
tion from  South  America  soon  after  the  elevation  of  the  Isthmus 
of  Panama,  near  the  close  of  the  Tertiary.  No  conclusive  proof 
of  such  migration  has  been  offered,  and  the  evidence,  it  seems  to 
me,  so  far  as  we  now  have  it,  is  directl}'  opposed  to  this  view.  No 
undoubted  Tertiary  Edentates  have  yet  been  discovered  in  South 
America,  while  we  have  at  least  two  species  in  our  Miocene,  and 
during  the  deposition  of  our  lower  Pliocene,  large  individuals  of 
this  group  were  not  uncommon  as  far  north  as  the  forty-third  par- 
allel of  latitude,  on  both  sides  of  the  Rocky  Mountains.  In  view 
of  these  facts,  and  others  which  I  shall  la}^  before  you,  it  seems 
more  natural  to  conclude  from  our  present  knowledge,  that  the 
migration,  which  no  doul)t  took  place,  was  from  north  to  south. 
The  Edentates  finding  thus  in  South  Aineiica  a  congenial  home 
flourished  greatly  for  a  lime,  and  although  the  larger  forms  are 
now  all  extinct,  diminutive  representatives  of  the  group  still  inhabit 
the  same  region. 

The  Cetacea  first  appear  in  the  Eocene,  as  in  Europe,  and  are 
comparatively  al-undant  in  deposits  of  this  age  on  the  Atlantic 
Coast.  The  most  interesting  remains  of  this  order,  yet  found, 
belong  to  the  Zeuglodonlidce,  which  are  carnivorous  whales,  and 
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the  only  aiiiinuls  of  tlio  order  with  tfotli  implanted  I)}'  two  roots. 
The  piincipul  genera  of  this  fiiinily  are  Zi'ufjlodou  and  Sfjualodon, 
the  former  genus  being  represented  hy  gigantic  forms,  some  of 
which  were  seventy  feet  in  length.  The  genus  Sanrocetes,  which 
includes  some  small  animals  of  this  group,  has  been  found  in  South 
America.  The  Dolphin  family  (Delphiuidce)  are  well  represented 
in  the  Miocene,  both  on  the  Atlantic  and  Pacific  Coast.  The  best 
known  genus  is  Priscodelphinns,  of  which  several  species  have  been 
described.  Several  other  generic  names  which  have  been  api)lied 
to  fragments  need  not  here  be  enumerated.  In  none  of  the  Ter- 
tiary species  of  this  family  were  the  cervical  vertebrje  ankylosed. 
Tlie  Sperm  Whales  {Catodontidoe)  were  also  abundant  throughout 
the  Tertiary,  and  witli  them  in  the  earlier  beds,  various  Ziphioid 
forms  have  been  found.  The  toothless  Baloenidce  are  only  known 
with  certainty  as  fossils  from  the  later  Tertiary  and  more  recent 
deposits. 

The  Sirenians,  which  appear  first  in  the  Eocene  of  the  Old 
World,  occur  in  the  Miocene  of  our  Eastern  Coast,  and  throughout 
the  later  Tertiary.  The  s[)ecimens  described  have  all  been  referred 
to  the  genus  Manatus,  and  seem  closely  related  to  our  living  spe- 
cies. In  the  Tertiary  of  Jamaica,  a  skull  has  been  found  which 
indicates  a  new  genus,  Prorastomus,  also  allied  to  the  existing 
Manatee.  The  genus  Rhytina,  once  abundant  on  our  Northwest 
Coast,  has  recentl\-  become  extinct. 

The  Ungulates  are  the  most  abundant  Mammals  in  the  Tertiary, 
and  the  most  important;  since  they  include  a  great  varietj'  of 
types,  some  of  which  we  can  trace  through  their  various  changes 
down  to  the  modified  forms  that  represent  them  to-day.  Of  the 
various  divisions  in  this  comprehensive  group,  the  Perissodactyle, 
or  odd-toed  Ungulates,  are  evidently  the  oldest,  and  throughout 
the  Eocene  are  the  prevailing  forms.  Although  all  of  the  Perisso- 
dactyles  of  the  earlier  Tertiary  are  more  or  less  generalized,  they 
are  still  quite  flistinct  from  the  Artiodactyles,  even  at  the  base  of 
the  Eocene.  One  family,  however,  the  Cory pliodonti dee,  which  is 
well  represented  at  this  horizon,  both  in  America  and  Europe, 
although  essentiall}'  Perissodactyle,  possesses  some  characters 
which  point  to  a  primitive  Ungulate  type  from  which  the  present 
orders  have  been  evolved.  Among  these  characters  are  the  diminu- 
tive brain,  which  in  size  and  form  ap|)roaciies  that  of  the  Reptiles, 
and  also  the  five-toed  feet,  from  which  all  the  various  forms  of  the 
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mammalian  foot  have  hcon  deriveil.  Of  lliis  family,  only  a  single 
genns  Corf/phodon  {B(il/nnodo)i).  is  known,  hnt  there  were  several 
distinet  speeies.  Tiiey  were  the  largest  mammals  of  the  lowei* 
Eocene,  some  exceeding  in  size  the  exislirig  Tapirs. 

In  the  middle  Eocene,  West  of  the  Rocky  Mountains,  a  remark- 
able group  of  ungulates  makes  its  appearance.  These  animals 
near]}'  equalled  the  Elei)hant  in  size,  but  had  shoiter  limbs.  The 
skull  was  armed  with  two  or  three  pairs  of  horn-cores,  and  witb 
enormous  canine  tusks.  The  brain  was  proportionall}'  smaller 
than  in  any  other  land  mammal.  The  feet  had  five  toes,  and  re- 
sembled in  their  general  structure  those  of  Coiijphodon,  thus  indi- 
cating some  afllnit}'  with  that  genus.  These  mammals  resemble 
in  some  respects  the  Perissodactyles,  and  in  others  the  Trobos- 
cidians,  j'et  differ  so  widely  from  anj'  known  Ungulates,  recent  or 
fossil,  that  they  must  be  regarded  as  forming  a  distinct  order,  the 
Dinocerata.  Onl\'  three  genera  are  known,  Dinoceras,  Tinoceras, 
and  Uintatherium,  but  quite  a  number  of  species  have  been  de- 
scribed. During  the  later  part  of  the  middle  Eocene,  these  animals 
were  very  abundant  for  a  short  time,  and  then  became  extinct, 
leaving  apparently  no  successors,  unless  possiblj*  we  have  in  the 
Proboscidians  their  much  modified  descendants.  Theirgenetic  con- 
nection with  the  Coryphodonts  is  much  more  probable,  in  view  of 
what  we  now  know  of  the  two  groups. 

Besides  these  peculiar  Mammals,  which  are  extinct,  and  mainly 
of  interest  to  the  Biologist,  there  were  others  in  the  early  Tertiary 
which  remind  us  of  those  at  present  living  around  us.  When  a 
student  in  Germany  some  twelve  years  ago,  I  heard  a  world-re- 
nowned Professor  of  Zoology'  gravely  inform  his  pupils  that  the 
Horse  was  a  gift  of  the  Old  World  to  the  New,  and  was  entirely 
unknown  in  America  until  introduced  by  the  Spaniards.  After 
the  lecture,  I  asked  him  whether  no  earlier  remains  of  horses  had 
been  found  on  this  Continent,  and  was  told  in  reply  that  the  re- 
ports to  that  etTect  were  too  nnsatisfactor}-  to  be  presented  as  facts 
in  science.  This  remark  led  me,  on  ni}'  return,  to  examine  the 
subject  myself,  and  I  have  since  nnearthed,  with  my  own  hands, 
not  less  than  tliirt3'  distinct  species,  of  the  horse  tril)e  in  the  Ter- 
tiary deposits  of  the  West  alone  ;  and  it  is  now,  I  think,  generally 
admitted  that  America  is,  after  all,  the    true  home  of  the  horse. 

I  can  offer  you  no  better  illustration  than  this  of  the  advance 
vertebrate  palaeontology  has  made  during  the  last  decade,  or   of 
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the  important  coutrihutions    to    this  progress    whit-li  our   Rocky 
^Mountain  roj^ion  has  supplied. 

The  oldest  representative  of  the  horse,  at  present  known,  is  the 
diniinuti\  e  Ettliipjius  I'roni  the  lower  Eocene.     Several  species  have 
been  found,  all  ahout  the  size  of  a  fox.     Like  most  of  the  early 
mammals,  these  Ungulates  had  forty-four  teeth,   tiie  molars  with 
short  crowns,  and  quite  distinct  in  form  from  the  premolars.     Tlie 
ulna  and  the  fibula  were  entire  and  distinct,  and  there  were  four 
well  developed  toes  and  a  rudiment  of  another  on  the  fore  feet, 
and  three  toes  behind.      lu  the  structure  of  the   feet,  and  in  the 
teeth,  the  Eohippus  indicates  unmistakably  tliat  the  direct  ances- 
tral line  to  the  modern  horse  has  already  separated  from  the  other 
Perissodactyles.       In   the    next   higher  division    of  tlie  P^ocene, 
another  genus  {Orohippus)  makes  its  appearance,  replacing  Eohip' 
pus,  and  showing  a  greater,  although  still  distant,  resemblance  to 
the  Equine  type.     The  rudimentary  first  digit  of  the  fore  foot  has 
disappeared,  and   the  last   premolar    has  gone  over  to  the  molar 
series.      OroJtippiis  was   but  little  larger  than  Eohi'ppus,    and   in 
most  other  respects  ver}'  similar.     Several  species  have  been  found 
in  the  same  horizon  with  Dinoceras,  and  others  lived  during  the 
upper  Eocene  with  Diplacodon,  but  none  later. ^ 

Near  the  base  of  the  Miocene,  in  the  Brontotherium  ])eds,  we 
find  a  third  closely  allied  genus,  Mesohippus,  which  is  about  as 
large  as  a  sheep,  and  one  stage  nearer  the  horse.  There  are  only 
three  toes  and  a  rudimentary  splint  bone  on  the  fore  feet,  and  three 
toes  beliind.  Two  of  the  premolar  teeth  are  quite  like  the  molars. 
The  ulna  is  no  longer  distinct,  or  the  fibula  entire,  and  other  char- 
acters show  clearly  that  the  transition  is  advancing.  In  the  upper 
Miocene,  Mesohippus  is  not  found,  but  in  its  place  a  fourth  form, 
Miohippus^  continues  the  line.  This  genus  is  near  the  Ancliithe,' 
rium  of  Europe,  but  presents  several  important  ditferences.  The 
three  toes  in  each  foot  are  more  nearly  of  a  size,  and  a  rudiment 
of  the  fifth  metacarpal  bone  is  retained.  All  the  known  s[)ecics 
of  this  genus  are  larger  than  those  of  Mesohippus,  and  none  pass 
above  the  Miocene. 

The  genus  Protolnppns,  of  the  lower  Pliocene,  is3-et  more  equine, 
and  some  of  its  species  equalled  the  ass  in  size.        There  are  still 

•  Since  this  arlflress  was  delivereil,  I  have  found  in  the  Diplncorlon  beds  a  new  genus 
of  Equines  (£V)i7aV>pM.s),  which  was  larger  than  OroftippMs.  and  had  the  same  number 
of  toes,  but  had  two  premolar  teeth  like  the  molars.  — O.  U.  M. 


VICE    rRESIDF-XT    MARSH.  237 

tlirce  toes  on  each  foot,  but  only  the  niiildle  one,  corresponding  to 
the  single  toe  of  the  horse,  conies  to  the  ground.  This  genus  re- 
sembles most  ne.nrly  the  Ilipparion  of  Europe.  Jn  the  Pliocene, 
we  have  the  last  stage  of  the  series  before  reaching  the  horse,  in 
the  genus  Pliohippua^  which  has  lost  the  small  hoollets,  and  in  other 
respects  is  ver^-  equine.  Only  in  the  upper  Pliocene,  does  the  true 
Equns  appear,  anil  complete  the  gencalog}'  of  the  Horse,  which  in 
the  Post-tertiary  roamed  over  the  whole  of  North  and  South 
America,  and  soon  after  became  extinct.  This  occurred  long  be- 
fore the  discovery  of  the  Continent  b}'  Europeans,  and  no  satis- 
factory reason  for  the  extinction  has  yet  been  given.  Besides  the 
characters  I  have  mentioned,  there  are  many  others,  in  the  skeleton, 
skull,  teeth,  and  brain  of  the  fort}-  or  more  intermediate  species, 
which  show  that  the  transition  from  the  Eocene  Eohippus  to  the 
modern  Eqnus  has  taken  place  in  the  order  indicated,  and  I  be- 
lieve the  specimens  now  at  New  Haven  will  demonstrate  the  fact 
to  any  anatomist.  They  certainly  carried  prompt  conviction  to 
the  first  of  anatomists,  who  was  the  honored  guest  of  the  Associa- 
tion a  year  ago,  whose  genius  had  already  indicated  the  later  gen- 
ealogy of  the  horse  in  Europe,  and  whose  own  researches  so  well 
qualified  him  to  appreciate  the  evidence  here  laid  before  him.  Did 
time  permit,  I  might  give  you  at  least  a  probable  explanation  of 
this  marvellous  transition,  but  justice  to  the  comrades  of  the  horse 
in  his  long  struggle  for  existence  demands  that  some  notice  of 
their  efforts  should  be  placed  on  record. 

Besides  the  Horse  and  his  congeners,  the  only  existing  Perisso- 
dactyles  are  the  Rhinoceros  and  the  Tapir.  The  last  is  the  oldest 
tj-pe,  but  the  Rhinoceros  had  near  allies  throughout  the  Tertiary  ; 
and,  in  view  of  the  continuity  of  the  equine  line,  it  is  well  worth 
while  to  attempt  to  trace  his  pedigree.  At  the  bottom  of  the 
Eocene,  in  our  Western  lake-basins,  the  tapiroid  genus  Helaletes 
is  found,  represented  by  numerous  small  mammals  hardl}'  larger 
than  the  diminutive  horses  of  that  day.  In  the  following  epoch 
of  the  Eocene,  the  closely  allied  Jlyraehyiis  was  one  of  the  most 
al)undant  animals.  This  genus  was  nearly  related  to  the  Lophio- 
don  of  Europe,  and  in  its  teeth  and  skeleton  strongly  resembled 
the  living  Tapir,  whose  ancestry,  to  this  point,  seems  to  coincide 
with  that  of  the  Rhinoceros  we  are  considering.  Strangely  enough, 
the  Rhinoceros  line,  before  it  becomes  distinct,  separates  into  two 
branches.     In   the   upper   part  of  the   Dinoceras   Beds  we  have 
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the  jicmis  C'l'louocerns,  wliicli  is  reall}'  a  Jlyrachyns  with  a  trans- 
verse pair  of  very  rudiinentary  liorn-cores  on  the  nasal-bones.  In 
the  lower  Miocene  west  of  llie  KcK-ky  Mountains,  this  line  seems 
to  p:iss  on  through  the  genus  Dice  rather  i  am,  and  in  the  higher 
Miocene  this  genus  is  well  represented.  Some  of  the  species  nearly 
equalled  in  size  the  existing  Rhinoceros,  which  Dlreratherium 
strongl}'  lescinltled.  The  main  difTerencc  between  them  is  a  most 
interesting  one.  The  rudimentary  horn-cores  on  the  nasals,  seen 
in  (Jolonoceras.  are  in  Diceratheriuni  developed  into  strong  bony 
supports  for  horns,  which  were  placed  transversely,  as  in  the  Kn- 
minants,  and  not  on  the  median  line,  as  in  all  existing  forms  of 
Rhinoceros.  In  the  Pliocene  of  the  Pacific  Coast,  a  large  Rhinoc- 
eros has  been  discovered,  which  may  be  a  descendant  of  JJicerathe- 
rium,  but  as  the  nasal  bones  have  not  been  found,  we  must  wait 
for  further  evidence  on  this  point.  Returning  now  to  the  other 
branch  of  the  Rhinoceros  group,  which  left  their  remains  mainly 
East  of  the  Rockj^  Mountains,  we  find  that  all  the  known  forms 
are  hornless.  The  upper  Eocene  genus  Amynodon  is  the  oldest 
known  Rhinoceros,  and  by  far  the  most  generalized  of  the  family. 
The  premolars  are  all  unlike  the  molars,  the  four  canines  are  of 
large  size,  but  the  inner  incisor  in  each  jaw  is  lost  in  the  full}-  adult 
animal.  The  nasals  were  without  horns.  There  were  four  toes  in 
front,  and  three  behind.  The  genus  Hyracodon^  of  the  Miocene, 
■which  is  essentiall}-  a  Rhinoceros,  has  a  full  set  of  incisor  and 
canine  teeth  ;  and  the  molars  are  so  nearly  like  those  of  its  prede- 
cessor Hyrachyns,  that  no  one  will  question  the  transformation  of 
the  older  into  the  newer  type.  Hyracodoyi,  however,  appears  to  be 
off  the  true  line,  for  it  has  but  three  toes  in  front.  In  the  higher 
Miocene  beds,  and  possibly  with  Hyracodon,  occurs  a  larger  Rhi- 
noceros, which  has  been  referred  to  the  genus  Aceratherium.  This 
form  has  lost  the  canine  and  one  incisor  above,  and  two  incisors 
below.  In  the  Pliocene  are  several  species  closely  related,  and  of 
large  size.  Above  the  Pliocene  in  America,  no  vestiges  of  the 
Rhinoceros  have  been  found,  and  our  American  forms  doubtless 
became  extinct  at  the  close  of  this  period. 

The  Tapir  is  clearh"  an  old  American  type,  and  we  have  seen 
that,  in  the  Eocene,  the  genera  Helaletes  and  Hyrachyus  were  so 
strongly  tapiroid  in  their  principal  characters,  that  the  main  line 
of  descent  probably  passed  through  them.  It  is  remarkable  that 
the  Miocene  of  the  West,' so  greatly  developed  as  it  is  on  both 
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sides  of  the  Rocky  Mountains,  sliouUl  have  yielded  but  a  few 
franincnts  of  tapiroid  mammals,  and  tlie  same  is  true  of  the  Plio- 
cone  of  that  region.  In  the  Pliocene  of  the  Atlantic  Coast,  too, 
only  a  few  imperfect  specimens  have  been  found.  These  forms  all 
apparently  belong  to  the  genus  Tapiravus,  although  most  of  thorn 
have  been  referred  to  Lnpldodon,  a  lower  Eocene  type.  In  tiie 
Post-tertiary,  a  true  Tapirus  was  abundant,  and  its  remains  have 
been  found  in  various  parts  of  North  America.  The  line  of  de- 
scent, although  indistinct  through  the  middle  and  upper  Tertiary, 
was  doubtless  continuous  in  America,  and  several  species  exist 
at  present,  from  ^loxico  southward.  It  is  worth}'  of  notice  that 
the  species  North  of  the  Isthmus  of  Panama  appear  all  to  be  gen- 
erically  distinct  from  those  of  South  America. 

In  addition  to  these  three  Perissodactyle  types,  which,  as  the 
fittest,  have  alone  survived,  and  whose  lineage  I  have  endeavored 
to  trace,  there  were  many  others  in  early  Tertiar}-  times.  Some 
of  these  disappeared  with  the  close  of  the  Eocene,  while  others 
continued,  and  assumed  strange  specialized  shapes  in  the  Miocene, 
before  their  decline  and  extinction.  One  series  of  the  latter  de- 
serves especial  mention,  as  it  inclutles  one  of  the  most  interesting 
families  of  our  extinct  animals.  Among  the  large  mammals  in  the 
lower  Eocene  is  Limnohyus,  a  true  Perissodact3ie,  but  only  known 
here  from  fragments  of  the  skeleton.  In  the  next  higher  beds, 
this  genus  is  well  represented,  and  with  it  is  found  a  nearl}-  allied 
form,  Palceosyops.  In  the  upper  Eocene,  both  have  left  the  field, 
and  the  genus  Diplacodon,  a  very  near  relative,  holds  the  suprem- 
ac}'.  The  line  seems  clear  through  these  three  genera,  but  on 
crossing  the  break  into  the  Miocene,  we  have,  apparently  as  next 
of  kin,  the  huge  Brontotheridce.  These  strange  beasts  show  in 
their  dentition  and  some  other  characters  the  same  transition  steps 
beyond  Diplacodon^  wliich  that  genus  had  made  be^'ond  Palceosyops. 
Tlie  Brontotheridce  were  nearly  as  large  as  the  Elephant,  but  had 
much  shorter  limbs.  The  skull  was  elongated,  and  had  a  trans- 
verse pair  of  large  horn-cores  on  the  maxillaries,  in  front  of  the 
orbits,  like  the  middle  pair  in  Dinoceras.  There  were  four  toes  in 
fiont,  and  three  behind,  and  the. feet  were  similar  to  those  of  the 
Rhinoceros.  There  are  four  genera  in  this  group,  Brontotherivm  ; 
Diconodon ;  Menodus  {Titanotherium)  ;  and  Megacerops,  whicli 
have  been  found  only  in  the  lowest  Miocene,  east  of  the  Rocky 
Mountains. 
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III  lljo  liiglier  Miocene  beds  of  Oregon,  an  allied  genus,  ChaUco- 
therium,  makes  its  appearance.  It  is  one  stage  fnrtlicr  on  in  tlie 
transition,  ami  perlia[)s  a  descendant  of  the  Brontotheridce ;  but 
here,  so  far  as  is  known,  tiie  line  disai)pears.  It  is  a  suggestive 
fact,  that  tliis  genus  has  now  l)een  found  in  Western  America, 
China,  India,  Greece,  Gern.iany  ^nd  France,  indicating  thus,  as  I 
believe,  the  path  by  which  many  of  our  ancient  mammals  helped 
to  people  the  so-called  Old  World. 

The  Artiodactyles,  or  even-toed  Ungulates,  are  the  most  abun- 
dant of  the  larger  mammals  now  living  ;  and  the  group  dates  back 
at  least  to  the  lowest  Eocene.  Of  the  two  well  marked  divisions 
of  this  order,  the  Bunodonts  and  the  Selenodonts,  as  happily  de- 
lined  by  Kowalevsky,  the  former  is  Die  older  type,  which  must 
have  separated  from  the  Perissodactyle  line  after  the  latter  had  l)e- 
come  ditferentiated  from  the  primitive  Ungulate.  In  the  Corypho- 
don  Beds  of  New  Mexico,  occurs  the  oldest  Artiodactyleyet  found, 
but  it  is  at  present  known  only  from  fragmentary  specimens. 
These  remains  are  clearl}'  Suilline  in  character,  and  belong  to  the 
genus  Eohyus.  In  the  beds  above,  and  possibly  even  in  the  same 
horizon,  the  genus  Helohyus  is  not  uncommon,  and  several  species 
are  known.  The  molar  teeth  of  this  genus  are  very  similar  to  those 
of  the  Eocene  Hyracotherium,  of  Europe,  which  is  supposed  to  be 
a-Perissodactj'le,  while  Helohyus  certainly  is  not,  but  apparently  a 
true  lineal  ancestor  of  the  existing  pigs.  In  every  vigorous  primi- 
tive type  which  was  destined  to  survive  many  geological  changes, 
there  seems  to  have  been  a  tendency  to  throw  off  lateral  branches, 
which  became  highly  specialized,  and  soon  died  out,  because  they 
were  unable  to  adapt  themselves  to  new  conditions.  The  narrow 
path  of  the  persistent  Suilline  type,  throughout  tiie  whole  Tertiary, 
is  strewn  with  the  remains  of  such  ambitious  olFshoots,  while  the 
typical  pig,  with  an  obstinacy  never  lost,  has  held  on  in  spite  of 
Catastrophes  and  Evolution,  and  still  lives  in  America  to-day.  In 
the  lower  Eocene,  we  have  in  the  genus  Parahyus  apparently  one 
of  these  short-lived,  specialized  branches.  It  attained  a  much 
larger  size  than  the  true  lineal  forms,  and  the  number  of  its  teeth 
was  reduced.  In  the  Dinoceras  Betls,  or  middle  Eocene,  we  have 
still,  on  or  near  the  true  line,  Helohyus^  which  is  the  last  of  the 
series  known  from  the  Ameiican  Eocene.  All  these  early  Suil- 
lines,  with  the  possible  exception  of  Parahyus,  appear  to  have  had 
at  least  four  toes,  d\\  of  usable  size. 
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Tn  tlic  lower  Miocene  we  find  the  j^eiius  l^erchmrua,  seemiii2;lv  a 
tiiie  Siiilline,  luid  with  it  remains  of  a  laru;er  foiiii,  Khitherium,  are 
abundant.  The  latter  iienus  occurs  in  Europe  in  nearly  the  same 
horizon,  and  the  specimens  known  from  each  Continent  agree 
closely  in  general  characters.  The  name  PeUmax  has  been  applied 
erroneously  to  some  of  the  American  forms  ;  but  the  specimens  on 
which  it  was  based  clearly  belong  to  Elotheriion.  This  genus 
affords  another  example  of  the  al)crrant  SuiUine  offshoots,  already 
mentioned.  Some  of  the  species  were  nearly  as  large  as  a  Rhi- 
noceros, and  in  all  there  were  but  two  serviceable  toes ;  the  outer 
digits,  seen  in  living  animals  of  this  group,  being  represented 
only  b}'  small  rudiments  concealed  beneath  the  skin.  In  the  upper 
Miocene  of  Oregon,  Suillines  are  abundant,  and  almost  all  belong 
to  the  genus  Thinohyus,  a  near  all}'  of  the  modern  Peccary  (Dico- 
ti/les),  but  having  a  greater  numlter  of  teeth,  and  a  few  other 
distinguishable  features.  In  the  Pliocene,  Suillines  are  still  numer- 
ous, and  all  the  American  forms  yet  discovered  are  closely  related 
to  Dicotyles,  The  genus  Platygomis  is  represented  b}'  several 
species,  one  of  which  was  very  abundant  in  the  Post-tertiary  of 
North  America,  and  is  apparently'  the  last  example  of  a  side 
branch,  before  the  American  Suillines  culminate  in  existing  Pecca- 
ries. The  feet  in  this  species  are  more  specialized  than  in  the 
living  forms,  and  approach  some  of  the  peculiar  features  of  the 
ruminants ;  as  for  example  a  strong  tendency  to  coalesce  in 
the  metapodial  bones.  The  genus  Platygonus  became  extinct 
in  the  Post-Tertiary,  and  the  later  and  existing  species  are  all 
true  Peccaries. 

No  authenticated  remains  of  the  genera  Sus^  Porciis,  Phaco- 
choerus,  or  the  allied  Hippopotamus,  the  Old  World  Suillines,  have 
been  found  in  America,  although  several  announcements  to  that 
effect  have  been  made. 

In  the  series  of  generic  forms  between  the  lower  Eocene  EoJn/us 
and  the  existing  Dicotyles,  which  I  have  very  briefly  discussed,  we 
have  apparently  the  ancestral  line  ending  in  the  typical  American 
Suillines.  Although  the  demonstration  is  not  yet  as  complete  as 
in  the  lineage  of  tiie  Horse,  this  is  not  owing  to  want  of  materiaJ, 
but  rather  to  the  fact  that  the  actual  changes  which  transformed 
the  early  Tertiary  pig  into  the  modern  Peccary  were  comparatively 
slight,  so  far  as  they  are  indicated  in  the  skeletons  preserved, 
while  the  lateral   branches  were  so  numerous  as    to  confuse  th^ 
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lino.  It  is  clear,  liowovor,  lliat  from  llie  dose  of  the  Cret.iceoiis 
to  the  Pust-tortiary,  the  liimodoiit  Articxhicf yles  were  especially 
nbnndaiit  on  lliis  C'uiitiiient,  and  only  reeeiilly  lia\e  approached 
extinction. 

The  Selenodont  division  of  the  Arliodactylcs  is  a  nioie  iiiteiest- 
in<j  <irou[),  ami,  so  far  as  we  now  know,  makes  its  first  appearance 
in  the  upper  Eocene  of  the  "West,  although  foiins.  npparetjtiy  tran- 
sitional, between  it  and  the  liunodonts  occur  in  llic  Diuoceras 
Beds,  or  middle  Iu)cene.  These  belong  to  the  genus  JlomacoUon, 
"which  is  very  nearh'  allied  to  Ilclohr/us,  and  but  a  single  slei)  away 
from  this  genus  toward  the  Selenodonts.  By  a  fortunate  discov- 
ery, a  nearly  complete  skeleton  of  this  rare  intermediate  form  has 
been  brought  to  light,  and  we  aie  thus  enaltlcd  to  dedue  its  char- 
acters. Several  species  of  Homacodon  are  known,  all  of  small 
size.  This  primitive  Selenodont  had  forty-four  teeth,  which  formed 
a  nearl}'  continuous  series. 

The  molar  teeth  are  very  similar  to  those  of  Helohyus,  but  the 
cones  on  the  crowns  have  become  partial!}-  triangular  in  outline, 
so  that  when  worn,  the  Selenodont  pattern  is  clearly  recognizable. 
The  first  and  second  upper  molars,  moreover,  have  three  distinct 
posterior  cusps,  and  two  in  front ;  a  peculiar  feature,  which  is  seen 
also  in  the  European  genera  Dichobune  and  Cidnotherium.  There 
were  four  toes  on  each  foot,  and  the  metapodial  bones  were  distinct. 
The  type  species  of  this  genus  was  about  as  large  as  a  cat.  "With 
llelolnjus,  this  genus  forms  a  well  marked  family,  the  JleloJtyidce. 

In  the  Diplacodon  horizon  of  the  upper  Eocene,  the  Selenodont 
dentition  is  no  longer  doubtful,  as  it  is  seen  in  most  of  the  Artio- 
dactyla,  yet  found  in  these  beds.  These  animals  are  all  small,  and 
belong  at  least  to  three  distinct  genera.  One  of  these,  Eonienjx, 
closely  resembles //o/nacodou,  in  most  of  its  skeleton,  and  has  four 
toes,  but  its  teeth  show  well  marked  crescents,  and  a  partial  tran- 
sition to  the  teeth  of  Ilj/npotumns,  from  the  Eocene  of  Euroi)e. 
With  this  genus,  is  another  (Paravieryx) ,  also  closel}'  allied  to 
Homacodon,  but  apparently  a  straggler  from  the  true  line,  as  it 
has  but  three  toes  behind.  The  most  pronounced  Selenodont  in 
the  u|)per  Eocene  is  the  Oromeryx,  which  genus  appears  to  be  allied 
to  the  existing  Deer  family,  or  Cervidce,  and  if  so  is  the  oldest 
known  representative  of  the  group.  These  facts  are  important,  as 
it  has  been  supposed,  ujitil  very  recently,  that  our  Eocene  con- 
stained  no  even-hoofed  uianunals. 
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Th  Iho  lon'cst  Miocene  of  the  West,  no  true  cresccnt-tootlicd 
Artiodaclyla  have  as  yet  been  identified,  with  tlie  exception  of  a 
single  species  of  Ilj/opotamus ;  but  in  the  overlying  beds  of  the 
middle  Miocene,  remains  of  the  Orcodontidw  occur  in  sncii  vast 
iHimbors  as  to  indicate  tliat  these  animals  must  have  lived  in  large 
hei'ds  ar>'und  the  borders  of  liie  iako-basins  in  wiiifh  theii'  I'eniains 
have  been  entombed.  Tiiesc  basins  are  now  the  denuded  deserts, 
so  well  termed  Manvaises  Terres  by  the  early  Frencli  tia[)i)ers. 
The  least  specialized,  and  ap[)arently  the  oldest,  genus  of  this 
gronp  is  Agriochcxnis,  which  so  nearly  resembles  the  older  IL/opot- 
aviHs,  and  the  still  more  ancient  Eomeryx,  that  we  can  hardly 
doubt  that  they  all  belonged  to  the  same  ancestral  line.  The  typ- 
ical Orcodonts  aie  the  genera  Oreodon  and  Eporeodon,  which  have 
been  aptly  termed  by  Leidv,  ruminating  hogs.  The}-  had  forty- 
four  teeth,  and  four  well  developed  toes  on  each  foot.  The  true 
Oreodons,  which  were  most  numerous  east  of  the  Rocky  Moun- 
tains, were  about  as  large  as  the  existing  Peccary,  while  Eporeo- 
don,  which  was  nearl}'  twice  this  size,  was  very  abundant  in  the 
Miocene  of  the  Pacific  Slope. 

In  the  succeeding  Pliocene  formation,  on  each  side  of  the  Rocky 
Mountains,  the  genus  Merychyns  is  one  of  the  prevailing  forms, 
and  continues  the  line  on  from  the  IMiocene,  where  the  true 
Oreodons  became  extinct.  Beyond  this,  we  have  the  genus 
3ferychochoerns,  which  is  so  nearly  allied  to  the  last,  that  they 
would  be  united  by  many  naturalists.  "With  the  close  of  the 
Pliocene,  this  series  of  peculiar  ruminants  abruptly  terminates, 
no  member  surviving  until  the  Post-tertiary,  so  far  as  known. 

A  most  interesting  line,  that  leading  to  the  Camels  and  Llamas, 
separates  from  the  primitive  Selcnodont  branch  in  the  Eocene, 
probably  through  the  genus  Parameryx.  In  the  Miocene,  we  find 
in  Paehrothermm  and  some  nearly  allied  forms  unmistakable  indi- 
cations that  the  Cameloid  t^-pe  of  ruminant  had  already'  become 
partially- specialized,  although  there  is  a  complete  series  of  incisor 
teeth,  and  the  metapodial  bones^are  distinct.  In  the  Pliocene,  the 
Camel  tril)e  was,  next  to  the  Horses,  the  most  abundant  of  tlie 
larger  mammals.  The  line  is  continued  through  the  genus  Proca- 
mehis,  and  perhaps  others,  and  in  this  formation  the  incisors  first 
begin  to  diminish,  and  the  metapodials  to  unite.  In  the  Post- 
tertiary  we  have  a  true  Anchenia  rc[)resented  l)v  several  species, 
and  others  in  South  America,  where  tiio  Al[)acas  and  Llamas  still 
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survive.  From  the  Eoccno  almost  to  the  present  time,  Xorlli 
America  lias  been  the  home  of  vast  numbers  of  tlie  Camelidcf,  and 
there  can  be  little  doubt  that  they  originated  here,  and  migrated 
to  the  Ol.l  World. 

Returning  once  more  to  the  UpiJor  Eocene,  we  find  aiiotlior  line 
of  descent  starting  from  Oromeryx,  which,  as  we  liavo  seen,  luul 
apparently  then  just  become  differentiated  from  the  older  Hunodont 
type.  Tliroiiiilioiit  the  middle  and  upper  Miocene,  this  line  is 
carried  forwai-d  by  the  genus  Leptomeryx  and  its  near  allies,  which 
resemble  so  strongly  the  Pliocene  Cervidce  that  they  may  fairly  be 
regarded  as  their  probable  progenitors.  Possibly  some  of  these 
forms  maybe  related  to  the  Tragulidoe,  but  at  present  the  evidence 
is  against  it. 

The  Deer  famil}-  has  representatives  in  the  upper  Miocene  of 
Europe,  which  contains  fossils  strongly  resembling  the  fauna  of 
our  lower  Pliocene,  a  fact  always  to  be  borne  in  mind  in  comparing 
the  horizon  of  any  group  in  the  two  continents.  Several  species 
of  Cervidcc,  belonging  to  the  genus  Cosoryx,  are  known  from  the 
lower  Pliocene  of  the  West,  and  all  have  very  small  antlers,  di- 
vided into  a  single  pair  of  tynes.  The  statement  recently  pub- 
lished, that  most  of  these  antlers  had  I)een  broken  during  the  life 
of  the  animals,  is  unsupported  by  any  evidence,  and  is  erroneous. 
These  Primitive  Deer  do  not  have  the  orbit  closed  behind,  and  they 
have  all  the  four  metapodial  l)ones  entire,  although  the  second  and 
fifth  are  ver}'  slender.  In  the  upper  Pliocene,  a  true  Cervxis  of 
large  size  has  been  discovered.  In  the  Post-tertiar}',  Cerviis, 
Alces  and  Tarandus  have  been  met  with,  the  last  far  south  of 
its  present  range.  In  the  caves  of  South  America,  remains  of 
Cervus  have  been  found,  and  also  two  s[)ecies  of  Antelopes,  one 
referred  to  a  new  genus,  Leptolhcriam. 

The  Hollow-horned  Ruminants,  in  this  countr}-,  appear  to  date 
back  no  further  than  to  the  lower  Pliocene,  and  here  only  two 
species  of  Bison  have  as  yet  been  discovered .  In  the  Post-tertiary, 
this  genus  was  represented  b}'  numerous  individuals  and  several 
species,  some  of  large  size.  The  Musk  Ox  {Ocibos)  was  not 
uncommon  during  some  parts  of  this  epoch,  and  its  remains  are 
wideh'  distributed. 

No  authentic  fossil  remains  of  true  Sheep,  Goats,  or  Giraffes 
have  as  yet  been  found  on  this  continent. 

The  Proboscidians,  which  are  now  separated  from  the  tj-pical 
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Ungulates  as  a  distinct  order,  make  tlieir  first  appearance  in  North 
America  in  the  lower  Pliocene, whore  several  species  of  Mastodon 
have  been  fcund.  This  genus  occurs,  also,  in  the  upper  Pliocene, 
and  in  the  Post-tertiary  ;  altiiough  some  of  tlie  remains  attributed 
to  the  latter  are  undoubtedly  older.  The  Pliocene  species  all  have 
a  band  of  enamel  on  the  tusks,  and  some  other  peculiarities 
observed  in  the  oldest  Mastoilons  of  Europe,  wliich  are  from 
essentiall}'  the  same  horizon.  Two  species  of  this  genus  have  been 
found  in  South  America,  in  connection  with  tlie  remains  of  extinct 
Llamas  and  Horses.  The  genus  Ele2)has  is  a  later  form,  and  has 
not  yet  been  identified  in  this  country'  below  the  upper  Pliocene, 
where  one  gigantic  species  was  abundant.  In  the  Post-pliocene, 
remains  of  this  genus  are  numerous.  The  hair}'  Mammoth  of  the 
Old  World  (Elephas  jrrimigenius)  was  once  abundant  in  Alaska, 
and  great  numbers  of  its  bones  are  now  preserved  in  the  frozen 
cliffs  of  that  region.  This  species  does  not  appear  to  have  extended 
east  of  the  Rocky  Mountain,  or  south  of  the  Columbia  River,  but 
was  replaced  there  by  the  American  Elephant,  which  preferred  a 
milder  climate.  Remains  of  the  latter  have  been  met  with  in 
Canada,  througliout  the  United  States,  and  in  Mexico.  The  last  of 
the  American  Mastodons  and  Elephants  became  extinct  in  the 
Post-tertiar}'. 

The  order  Toxodontia  includes  two  very  peculiar  genera,  Toxodon 
and  Xesodon,  which  have  been  found  in  the  Post-tertiar}'  deposits 
of  South  America.  These  animals  were  of  huge  size,  and  possessed 
such  mixed  characters  that  their  affinities  are  a  matter  of  consider- 
able doubt.  They  are  thought  to  be  related  to  the  Ungulates, 
Rodents,  and  Edentates,  but,  as  the  feet  are  unknown,  this  cannot 
at  present  be  decided. 

Macrauclienia  and  Ilomalodontotherium  are  two  other  peculiar 
genera  from  South  America,  now  extinct,  the  exact  affinities  of 
which  are  uncertain.  Anoplotheriuni  and  PcdcBothei'ium,  so  abun- 
dant in  Europe,  have  not  been  found  in  our  North  American  Ter- 
tiarv  deposits,  although  reported  from  South  America. 

Perhaps  the  most  remarkable  mammals  yet  found  in  America 
are  the  Tillodontia,  which  are  comparatively  abundant  in  the  lower 
and  middle  Eocene.  These  animals  seem  to  combine  the  charac- 
ters of  several  different  groups,  viz. :  the  Carnivores,  Ungulates, 
and  Rodents.  In  the  genus  Tillotherium,  the  type  of  the  order, 
and  of  the  family  Tillotheridce^  the  skull  resembles  that  of  the 
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Bcuis  ;  tlip  molar  tectli  are  of  tlje  unguhite  type  ;  while  the  large 
incisors  are  very  similar  to  those  of  Rodents.  The  skeleton  re- 
semi)les  that  of  the  Carnivores,  hut  the  scaphoid  and  lunar  bones 
are  distinct,  and  there  is  a  third  trochanter  on  the  femur.  The 
feet  are  plaiitiiirade,  and  each  had  live  digits,  all  with  long  pointed 
claws.  Ill  the  allied  genus  Stylinoclon,  which  belongs  to  a  distinct 
family,  the  Sttilinndindidu',  all  the  teeth  were  rootless.  Some  of 
these  animals  were  as  large  as  aTa[)ir.  The  genus  Dryptodon  has 
been  found  only  in  the  Corypliodon  beds  of  New  Mexico,  while 
TiUot/ierium  ami  Stylhiodon  occur  in  the  middle  Eocene  of  Wyo- 
ming. Anchippodos  prol)al»ly  belongs  to  this  gioii[),  which  may 
perhaps  include  some  other  forms  that  have  been  named  from 
fragmentary  specimens. 

The  Rodents  are  an  ancient  t3pe,  and  their  remains  are  not  un- 
frequently  disinterred  in  the  strata  of  our  lowest  fresh-water  Eo- 
cene. The  earliest  known  forms  are  apparenth^  all  related  to  the 
Squirrels,  and  the  most  common  genus  is  Sciuravn>>,  which  contin- 
ued throughout  the  Eocene.  A  nearly  allied  form,  which  may  prove 
to  be  the  same,  is  Paramys,  the  species  of  which  are  larger  than 
those  of  the  older  type.  In  the  Dinoceras  beds,  the  genus  Colono- 
mys  is  found,  and  the  specimens  preserved  point  to  the  3Inridce^ 
as  the  nearest  living  allies.  A  peculiar  genus,  A2)atemys,  which 
also  occurs  in  the  middle  Eocene,  has  gliriform  incisors,  but  the 
molars  rcseml)le  those  of  Insectivores.  All  the  Eocene  Rodents 
are  of  small  size,  the  largest  being  about  as  large  as  a  rabbit. 

In  the  middle  and  upper  Miocene  lake-basins  of  the  West, 
Rodents  abound,  but  all  are  of  moderate  size.  The  Hares  first 
appear  in  the  Oreodon  beds,  and  continue  in  considerable  numbers 
through  the  rest  of  the  Tertiary  and  Post-tertiary  to  the  present 
day.  In  these  beds,  the  most  common  forms  belong  to  the  Lepo- 
ridce,  and  mainly  to  the  genus  l\da'olagus.  The  Squirrel  family 
is  represented  by  Ischyromys,  the  Muridoi  by  the  genus  Eumys^ 
and  the  Beavers  by  Pcdfeocastor.  In  the  upper  Miocene  of  Oregon, 
most  of  the  same  genera  are  found,  and  with  them  some  peculiar 
forms  ver}'  unlike  anything  now  living.  One  of  these  is  the  genus 
AUomys,  possibly  lelated  to  the  flying  squirrels,  but  having  molar 
teeth  somewhat  like  those  of  the  Ungulates,  In  the  Pliocene,  east 
and  west  of  the  Rocky  Mountains,  Rodents  continue  abundant, 
but  most  of  them  belong  to  existing  genera.  Among  these  ,are 
Castor,  Hystrix,  Cynomys,  Geomys,  Lepus  and  Jlesperomys.     In 
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the  Post-teitiary,  the  gigantic  boaver,  Castorokles,  was  al)UiuUii)t 
throughout  most  of  North  Auierica.  Ili/drochcerus  has  been  Couud 
in  South  Carolina.  In  the  caves  of  the  ishuitl  of  Anguilla,  in  the 
West  Indies,  remains  of  large  extinct  Rodents  belonging  to  the 
ChinchiUidce  have  been  discovered. 

The  eaily  Tertiary  Rodents  known  from  Soutii  America  arc  the 
genera  M('f/(im>/f{,  Theridroviys,  and  a  large  species  referred  to  Arci- 
cola.  In  Brazil,  the  Pliocene  Rodents  found  are  referred  to  the 
existing  genera  Cavia^  Kerodon,  Lagotitomns,  Clenomj/s,  HcsperO' 
mys^  Oxijmycterus^  Arvicola  and  Lepus.  A  new  genus,  CardiuduSj 
described  from  this  horizon,  is  a  true  Rodent,  but  the  peculiar  Tyj?- 
otherium,  which  has  been  referred  to  this  order  by  some  authorities, 
has  perhaps  other  aflinities.  In  the  Post-tertiary  the  Rodents  were 
very  abundant  in  South  America,  as  they  are  at  present.  The 
species  are  in  most  instances  distinct  from  those  now  living,  but 
the  genera  are  nearly  the  same.  The  Caviidcv,  were  especially 
numerous.  Cercolabes,  3Tyopotamus,  and  Lagostomus  arc  also 
found,  and  two  extinct  genera,  Phyllomya^  and  Lonchophorus. 

The  Cheiroptera,  or  Bats,  have  not  been  found  in  this  country 
below  the  middle  Eocene,  where  two  extinct  genera,  Nyctilestes 
and  Nyctitherliim,  are  each  represented  by  numerou-i  remains. 
These  fossils  all  belong  to  small  animals,  and,  so  far  as  they  have 
been  investigated,  show  no  characters  of  more  than  generic  impor- 
tance to  distinguish  them  from  the  Bats  of  to-da}'.  No  other 
members  of  this  gron[)  are  known  from  our  Tertiary.  In  the  Post- 
tertiary,  no  extinct  s[)ecies  of  Bats  have  been  found  in  North 
America,  but  from  the  caves  of  Brazil  quite  a  number  have  been 
reported.  These  all  belong  to  genera  still  living  in  South  America, 
and  most  of  them  to  the  family  riiyllostomidai. 

The  Insectivoresdate  back,  in  this  country,  at  least  to  the  middle 
Eocene.  Here  ninnerous  remains  occur  which  have  been  described 
as  belonging  to  this  order,  although  it  is  possible  that  some  of 
them  were  insect-eating  Marsupials.  The  best  known  genera  are, 
Hemiacodon,  Centetodon,  Ta'pavus,  and  Entotnacodon;  all  repre- 
sented by  animals  of  small  size.  In  the  Miocene,  the  bones  of 
Insectivores  are  comparatively'^  al>undant,  and  the  genera  best  de- 
termined are  Ictops  and  Leptictis.  A  few  specimens  only  have  been 
found  in  the  Pliocene  and  Post-pliocene,  most  of  them  related  to 
the  Moles.  No  extinct  Insectivores  are  known  from  South  Amer- 
ica, and  no  member  of  the  group  exists  there  at  present. 
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Tlio  Cttnu'vora,  or  true  llesh-cating  nniinrils,  are  an  old  type, 
well  rcpri'sciitotl  in  the  Koceiic,  mid.  ns  ini<;lit  Itc  cxpcctod,  these 
early  loiins  :iit'  much  less  specialize*!  lh:m  the  living  species.  In 
the  ("((ivpliodon  l»ed.s,  tiie  genus  Limntn-ifou,  allied  to  the  Ptfrodon 
of  tlie  Km(Ji>e!Ui  Eocene,  is  ulmndant.  Another  genus,  apparently 
distinct,  is  Pmtotomus,  and  several  others  have  been  named  from 
fragmentary  fossils.  ]n  the  middle  Eocene,  Carnivores  were  still 
more  nuu)eroiis,  and  many  genera  have  been  discovered.  One  of 
these,  Limnofelis,  was  nearly  as  large  as  a,  lion,  and  apparently 
allied  to  the  cats,  although  the  typical  Felidcp  seem  not  yet  to  have 
been  dillerentiated.  Another  Carnivore  of  nearl}-  equal  size  was 
Orocyon,  which  had  short  massive  jaws  and  broad  teeth.  Dromo- 
cyon  and  Mesonyx  were  large  animals,  allied  to  Hycenodon.  The 
teeth  were  narrow,  and  the  jaws  long  and  slender.  Among  the 
Bn»aller  Carnivores  were  Vufpavus,  ViverravuSy  Sinopa,  Thinocyon-, 
and  Ziphncodon. 

In  our  Western  Miocene,  Carnivores  are  abundant,  and  make  an 
approach  to  modern  types.  The  Felidce  are  well  represented,  the 
most  interesting  genus  being  3/ac/<a/roc?MS,  which  is  not  uncommon 
in  the  Oreodon  beds  on  both  sides  of  the  Rocky  Mountains.  An 
allied  genus  is  TJinictis,  and  several  smaller  Cats  are  known  from 
about  the  same  horizon.  The  Canklce  are  represented  by  AmpliU 
eyon,  a  European  genus,  and  by  several  species  of  Canis,  or  a  very 
nearly  allied  form.  The  pecidiar  genus  JlycBnodon,  found  also  in 
Europe,  and  the  type  of  a  distinct  family,  is  abundant  in  the  Mio- 
c«ie  east  of  the  Rock}'  Mountains,  but  has  not  3'et  been  found  on 
the  Pacific  Coast.  In  the  Pliocene  of  both  regions,  the  Canidce 
are  numerous,  and  all  apparently  belong  to  the  existing  genus 
Canis.  The  genus  Muchairodus  is  still  the  dominant  form  of 
the  Cats,  Avhich  are  abundant,  and  for  the  most  part  belong  to  tlie 
genus  Felts.  The  extinct  Lcptarcfus  is  supposed  to  belong  to  the 
Ursidce,  and,  if  so,  is  the  oldest  American  representative  of  this 
family.  In  the  Post-pliocene,  the  extinct  Felidce  include  species 
nearly  as  laige  as  a  lion,  and  smaller  forms  ver\'  similar  to  those 
still  living.     Bears,  Raccoons  and  Weasels  have  also  been  found. 

In  the  Pliocene  of  South  An)erica,  Machairodns  represents  the 
Felidtr^,  while  the  genera  Arctotheriuvi  and  Uycenarctus  belong  to 
the  Bear  family.  Species  of  Mnstela  and  Canis  have  also  been 
found.  In  the  caves  of  Brazil,  the  fauna  of  which  is  regarded  as 
Post-pliocene,  one  species  of  3fachairodus  is  known,  and  one  of 
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Si/ncdurns.  Cants  and  IcUcfjou,  still  li\  iiig  in  Diazil,  ami  Llic  ex- 
tinct genns  Sjyeothos,  represent  the  Cnnidce.  Mephitis  and  Galidis, 
among  the  "Weasels,  were  also  present,  anil  with  them  species  of 
JV«s»a  and  Arcfotherium. 

AVe  come  now  to  the  highest  group  of  Mammals,  the  Primates, 
avIulIj  inc'hulcs  the  Lemurs,  the  Apes,  and  Man.  This  order  has  a 
great  antiquity,  and  even  at  the  base  of  th»i  Eocene  we  liiid  it  rep- 
resented b}'  several  genera  belonging  to  the  lower  forms  of  the 
group.  In  considering  these  interesting  fossils,  it  is  important  to 
have  in  mind  that  the  Lemurs,  which  are  usually  regarded  as  Pri- 
mates, although  at  the  bottom  of  the  scale,  are  only  found  at  the 
present  da}-  in  Madagascar  and  the  adjacent  regions  of  the  globe. 
All  the  American  Monkeys,  moreover,  belong  to  one  group,  much 
above  the  Lemurs,  while  the  Old  "World  Apes  are  higher  still,  and 
most  nearh'  approach  Man. 

In  the  lower  Eocene  of  New  Mexico,  we  find  a  few  representa- 
tives of  the  earliest  known  Primates,  and  among  them  are  the 
genera  Lemuravus  and  Lininotherium ;  each  the  type  of  a  distinct 
family.  These  genera  became  very  abundant  in  the  middle  Eocene 
of  the  West,  and  with  them  are  found  many  others,  all  however, 
included  in  the  two  families,  Lemuravidce  and  Limnntheridce. 
Lemuravus  appears  to  have  been  most  nearly  allied  to  the  Lemurs, 
and  is  the  most  generalizerl  form  of  the  Primates  yet  discovered. 
It  had  fort3-four  teeth,  forming  a  continuous  series,  above  and 
below.  The  brain  was  nearl}'  smooth,  and  of  moderate  size.  The 
skeleton  most  reseml)les  that  of  the  Lemurs.  A  nearly  allied 
genus,  belonging  to  the  same  famil}',  is  Ilyopsodas.  Limnotherium 
(^TomitJierium)  also  is  nearly  related  to  the  Lemurs,  but  shows 
some  affinities  with  the  South  American  ^larmosets.  This  genns 
had  forty  teeth.  The  brain  was  nearly  smooth,  and  the  cerel)ellum 
large,  and  placed  mainly  behind  the  cerebrum.  The  orljits  are 
open  behind,  and  the  lachrymal  foramen  is  outside  the  orbit. 
Other  genera  belonging  to  the  Limnotheridm  are  Xothnrctos. 
Jlippos>/us,  Microsyops,  Pakecicodon,  Thinolestes,  and  Tebmitolestes. 
Besides  these,  Antiacodon  {Aiuiptomorphus)^  Batlirodon,  and  Mps- 
acodon  should  probai)ly  be  placed  in  the  same  group.  In  the 
Diplacodon  Beds,  or  Upper  Eocene,  no  remains  of  Primates  have 
yet  l)een  detected,  although  they  will  doubtless  be  found  there. ^'^ 

10  A  small  species  of  /Tifopsodua  ( n.gracUU),  from  this  horizon  has  recently  been 
dcterniineil  by  the  writer.—  O.  C.  M. 
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All  tlio  Eocene  Primates  known  from  American  strata  arc  low^ 
generalize<l  forms,  with  chaiaclers  in  tiie  teelli,  skeleton,  and  feet 
tbat  suggest  reltitionships  with  the  Carnivores,  ami  even  uiili  tlie 
Ungulates.  These  resemblances  have  led  paUuontologists  to  refer 
some  imperfect  specimens  to  both  these  orders. 

In  the  Miocene  lake  basins  of  the  West,  only  a  single  species 
of  the  Primates  has  been  identified  with  certainty.  This  was  found 
in  the  Oreodon  Beds  of  Nel)raska,  and  belongs  to  the  genus  JjUo- 
2nthecus,  apparentl}'  related  both  to  the  Limnotheridce  and  to  some 
existing  South  American  Monkeys.  In  the  Pliocene  and  Post- 
pliocene  of  North  America,  no  remains  of  Primates  have  yet  been 
found. 

In  the  Post-pliocene  deposits  of  the  Brazilian  caves,  remains  of 
Monkeys  are  numerous,  and  mainly  belong  to  extinct  species  of 
Callithrix,  Cehus,  and  Jacchits,  all  living  South  American  genera. 
Only  one  extinct  genus,  Protopithecus,  which  embraced  animals  of 
large  size,  has  been  found  in  this  peculiar  fauna. 

It  is  a  noteworth}'  fact,  that  no  traces  of  any  Anthropoid  Apes, 
or  indeed  of  any  Old  WorUl  Monkey's,  have  yet  been  detected  in 
America.  Man,  however,  the  highest  of  the  Primates,  has  left  his 
bones  and  his  works  from  the  Arctic  Circle  to  Patagonia.  Most 
of  these  specimens  are  clearly  Post-tertiary,  although  there  is 
considerable  evidence  pointing  to  the  existence  of  Man  in  our 
Pliocene.  All  the  remains  yet  discovered  belong  to  the  well- 
marked  genus  Homo,  and  apparently  to  a  single  species,  at  present 
represented  by  the  American  Indian. 

In  this  rapid  review  of  Mammalian  life  in  America,  from  its 
first  known  appearance  in  the  Trias  down  to  the  present  time,  I 
have  endeavored  to  state  briefly  the  introduction  and  succession 
of  the  principal  forms  in  each  natural  group.  If  time  permitted, 
I  might  attempt  the  more  dillicult  task  of  trying  to  indicate  what 
relations  these  various  groups  may  possibly  bear  to  each  other ; 
what  connection  the  ancient  Mammals  of  this  continent  have  with 
the  corresponding  forms  of  the  Old  World  ;  and,  most  important 
of  all,  what  real  progress  Mammalian  life  has  here  made  since  the 
beginning  of  the  p^ocene.  As  it  is,  I  can  onl}^  say,  in  summing  up, 
that  the  Marsupials  are  clearly  the  remnants  of  a  very  ancient 
fauna,  which  occupied  this  continent  millions  of  years  ago,  and 
from  which  the  other  Mammals  were  doubtless  all  derived,  although 
the  direct  evidence  of  the  transformation  is  wanting. 


VICE  TRESIDKNT    MAUSH.  251 

Although  the  Mar.snpuils  are  nearly  rehtted  to  the  still  lower 
Monotiemes,  now  living  in  the  Australian  Region,  we  have  as  yet 
no  hint  of  the  path  by  which  these  two  groups  became  separated 
from  the  inferior  vertebrates.  Neither  have  we  to-day  much  light 
as  to  the  genetic  connection  existing  between  Marsupials  and  the 
placental  Manunalia,  although  it  is  possible  that  the  diliercnt  or- 
ders of  the  latter  had  their  origin  each  from  a  separate  group  of 
the  Marsupials. 

The  presence,  however,  of  undoubted  Marsupials  iu  our  lower 
and  middle  Eocene,  some  of  them  related  to  the  genus  Videlpliijs, 
although  remotely,  is  important  evidence  as  to  the  introduction  of 
these  animals  into  America.  Against  this,  their  supposed  absence 
in  our  Miocene  and  Pliocene  can  have  but  limited  weight,  when 
taken  in  connection  with  the  fact  that  they  flourished  in  the  Post- 
tertiar}',  and  are  still  abundant.  The  evidence  we  now  have  is 
quite  as  strongly  in  favor  of  a  migration  of  Marsupials  from 
America  to  the  Old  AVorld,  as  the  reverse,  which  has  been  supposed 
by  some  naturalists.  Possiblj',  as  Huxley  has  suggested,  both 
countries  were  peopled  with  these  low  mammals  from  a  continent 
now  submerged. 

The  Edentate  mammals  have  long  been  a  puzzle  to  Zoologists, 
and  up  to  the  present  time  no  clew  to  their  affinities  with  other 
groups  seems  to  have  bvjen  detected.  A  comparison  of  the 
peculiar  Eocene  Mammals  which  I  have  called  the  Tillodontia,  with 
the  least  specialized  Edentates,  brings  to  light  many  curious 
resemblances  in  the  sUull,  teeth,  skeleton  and  feet.  These  suggest 
relationship,  at  least,  and  possibly  we  ma}-  yet  lind  here  the  key  to 
the  Edentate  genealogy.  At  present,  the  Tillodonts  are  all  from 
the  lower  and  middle  Eocene,  while  Moropus,  the  oldest  edentate 
genus,  is  found  in  the  middle  Miocene,  and  one  species  in  the 
lower  Pliocene. 

The  Edentates  have  been  usuall}'  regarded  as  an  American  type, 
but  the  few  living  forms  in  Africa,  and  the  Tertiary  species  ia 
Europe,  the  oldest  known,  have  made  the  land  of  their  nativity 
uncertain.  I  have  alread}'  given  you  some  reasons  for  believing 
that  the  Edentates  had  their  first  home  in  North  America,  and 
migrated  thence  to  the  southern  portion  of  the  continent.  This 
movement  could  not  have  taken  place  in  the  Miocene  period,  as 
the  Isthmus  of  Darien  was  then  submerged  ;  but  near  the  close  of 
the  Tertiary,  the  elevation  of  this  region  left  a  much  broader  strip 
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of  hiiid  (hail  now  exists  there,  nnd  over  this,  the  Edentates  and 
other  niaininals  made  their  way,  perliaps  urged  on  hy  the  in- 
creasing euUl  of  liie  glacial  winters.  Tlie  evidenee  today  is 
strongly  in  favor  of  snch  a  sonthern  niigiation.  This,  iiowever, 
leaves  the  OKI  AVorld  Edentates,  fossil  anil  reeent,  unaeconnted 
for;  Init  I  ix'lieve  the  solution  of  this  problem  is  essenti:dly  the 
same,  namely  :  a  migration  from  North  America.  The  Miocene 
representatives  of  this  group,  which  I  have  recently  obtained  in 
Oregon,  are  older  than  any  known  in  Europe,  and,  strangely 
enough,  are  more  like  the  latter  and  the  existing  African  types 
than  like  an}'  of  our  living  species.  If,  now,  we  bear  in  mind  that 
an  elevation  of  only  180  feet  would  close  Behring's  Straits,  and 
give  a  road  thirty  miles  wide  from  America  to  Asia,  we  can  easil}' 
see  how  this  migration  might  have  taken  place.  That  such  a 
Tertiar}'  bridge  did  exist,  we  have  much  independent  testimou}', 
and  the  known  facts  all  point  to  extensive  migrations  of  animals 
over  it. 

The  Cetacea  are  connected  with  the  marine  Carnivores  through 
the  genus  Zeuglodon,  as  Iluxlc}-  has  shown,  and  the  points  of 
resemblance  are  so  marked  that  the  affinity  cannot  be  doubted. 
That  the  connection  was  a  direct  one,  however,  is  hardl}'  prob- 
able, since  the  diminutive  In-ain,  large  number  of  simple  teeth,  and 
reduced  limbs  in  the  Whales,  all  indicate  them  to  lie  an  old  type, 
which  doubtless  branched  off  from  the  more  primitive  stock  lead- 
ing to  the  Cainivores.  Our  American  extinct  Cetaceans,  when 
carefull}'  investigated,  promise  to  throw  much  light  upon  the 
pedigree  of  these  strange  mannnals.  As  most  of  the  known  forms 
were  probably  marine,  their  distribution  is  of  little  service  in 
determining  their  origin. 

That  the  Sirenians  are  allied  to  the  Ungulates,  is  now  generally 
admitted  b}'  anatomists,  and  the  separation  of  the  existing  species 
in  distant  localities  suggests  that  they  are  the  remnants  of  an  ex- 
tensive group,  once  widely  distributed.  The  large  number  of  teeth 
in  some  forms,  the  reduced  limbs  and  other  characters,  point  back 
to  an  ancestry  near  that  of  the  earliest  ungulates.  The  gradual 
loss  of  teeth  in  the  specialized  members  of  this  group,  and  in  the 
Cetaceans,  is  quite  parallel  with  the  same  change  in  Edentates,  as 
well  as  in  PterodactN'les  and  Birds. 

The  Ungulates  are  so  distinct  from  other  groups  that  the}'  must 
be  one  of  the  oldest  natural  divisions  of  mammals,  and  the}'  prob- 


VICE    PRESIDENT    MARSH.  253 

ably  originated  from  some  herbivorous  marsupial.  Their  Inrge 
size,  and  great  numbers  during  Tertiary  and  Post-tertiary  time, 
render  them  most  valuable  in  tracing  migrations  induced  by  cli- 
mate, as  well  as  in  showing  the  changes  of  structure  which  such 
a  contest  for  existence  may  produce. 

In  the  review  of  the  extinct  Ungulates,  I  have  endeavoicd  to 
show  that  quite  a  number  of  genera  usually  supposed  to  belong 
originally  to  the  Old  World  are  in  reality  true  American  t^'pes. 
Among  these  were  the  Horse,  Rhinoceros,  and  Tapir,  all  the  exist- 
ing odd-toed  Ungulates,  and  besides  these  the  Came!,  Pig,  and 
Deer.  All  these,  I  believe,  and  man}'  others,  went  to  Asia  from 
our  North  West  Coast.  It  must,  for  the  present,  remain  an  open 
question  whether  we  may  not  fairly  claim  the  Bovklce,  and  even 
the  Pi'oboscidea,  since  both  occur  in  our  strata  at  about  the  same 
horizon  as  on  the  other  continent.  On  this  point  there  is  some 
confusion,  at  least  in  names.  The  Himalayan  deposits  called 
Upper  Miocene,  and  so  rich  in  Proboscidians,  indicate  in  their  en- 
tire fauna  that  they  are  more  recent  than  our  Niobrara  Riverbeds, 
which,  for  apparently  good  reasons,  we  regard  as  Lower  Pliocene. 
The  latter  appear  to  be  about  the  same  horizon  as  the  Pikermi  de- 
posits in  Greece,  also  regarded  as  Miocene.  Believing,  however, 
that  we  have  here  a  more  complete  Tertiary  series,  and  a  better 
standard  for  comparison  of  faunas,  I  have  preferred  to  retain  the 
names  already  applied  to  our  divisions,  until  the  strata  of  the  two 
continents  are  more  satisfactoril}*  coordinated. 

The  extinct  Rodents,  Bats,  and  Insectivores  of  America,  although 
offering  many  suggestive  hints  as  to  their  relationship  with  other 
groups,  and  their  various  migrations,  cannot  now  be  fully  dis- 
cussed. There  is  little  doubt,  however,  that  the  Rodents  are  a 
New  World  type,  and,  accoiding  to  present  evidence,  they  prob- 
ably had  their  origin  in  North  America.  The  resemblance  in  so 
many  respects  of  this  order  to  the  Proboscidians  is  a  striking 
fact,  not  yet  explained  by  the  imperfectly  known  genealogy  of 
either  group. 

The  Carnivores,  too,  I  must  pass  by,  except  to  call  attention  to 
a  few  special  forms  which  accompanied  the  migrations  of  other 
groups.  One  of  these  is  Macliairodas^  the  saber-toothed  Tiger, 
which  flourished  in  our  Miocene  and  Pliocene,  and  followed  the 
huge  Edentates  to  South  America,  and  the  Ungulates  across  Asia 
to  Europe.     With  this  genus  went  Jlyoenodon,  and  some  typical 
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"VVolvos  an<l  Cats,  Vmt  the  Bears  caino  tlio  otiior  way  with  the  An- 
telopes. That  the  Gazelle,  (liralle.  Hippopotamus,  Ilvicna  and 
olIuT  Afriein  types,  once  :il>iinilaiit  in  Asia,  (li<l  not  come,  is  doubt- 
less because  the  Miocene  bridge  was  submerged  before  they 
reached  it. 

The  Edentates,  in  tiieir  southern  migration,  were  probal)ly 
accompanied  by  the  Horse,  Tapir  and  Khinoceros.  althougli  no 
remains  of  the  last  have  yet  lieen  found  south  of  Mexico.  The 
Mastodon,  Klepliant,  Llama,  Deer,  Peccary,  and  other  mammals, 
followed  the  same  path.  Why  the  Mastodon,  Eilephant.  Rhinoceros, 
and  especially  the  Horse,  should  have  been  selected  with  the  huge 
Edentates  for  extinction,  and  the  other  Ungulates  left,  is  at  present 
a  mystery,  which  their  somewhat  larger  size  hardly  explains. 

The  relations  of  the  American  Primates,  extinct  anrl  recent,  to 
those  of  the  other  hemisphere,  offer  an  inviting  topic,  but  it  is  not 
in  m}'  present  province  to  discuss  them  in  their  most  suggestive 
phases.  As  we  have  here  the  oldest  and  most  generalized  members 
of  the  group,  so  far  as  now  known,  we  may  justly  claim  America 
for  the  birth-place  of  the  order.  That  the  development  did  not 
continue  here  until  it  culminated  in  Man,  was  due  to  causes  which 
at  present  we  can  only  surmise,  although  the  genealogy  of  other 
surviving  groups  gives  some  data  towards  a  solution.  Why  the 
old  world  Apes,  when  differentiated,  did  not  come  to  the  land  of 
their  earlier  ancestry,  is  readily  explained  In-  the  then  intervening 
oceans,  which  likewise  were  a  barrier  to  the  return  of  the  Horse 
and  Rliinoceros. 

Man,  however,  came  ;  doubtless  first  across  Behring's  Straits; 
and  at  his  advent  became  part  of  our  fauna,  as  a  mammal  and 
primate.  In  these  relations  alone  it  is  my  purpose  here  to  treat 
him.  The  evidence,  as  it  stands  to-day,  although  not  conclusive, 
seems  to  place  the  first  appearance  of  Man  in  this  country-  in  the 
Pliocene,  and  the  best  proof  of  this  has  been  found  on  the  Pacific 
coast.  During  several  visits  to  that  region,  many  facts  were 
brought  to  m3'  knowledge  which  render  this  more  than  probable. 
Man  at  this  time  was  a  savage,  and  was  doubtless  forced  b}'  the 
great  volcanic  outbreaks  to  continue  his  migration.  This  was  at 
first  to  the  south,  since  mountain  chains  were  barriers  on  the  east. 
As  the  native  Horses  of  America  were  now  all  extinct,  and  as  the 
early  man  did  not  bring  the  old  world  animal  with  him,  his  migra- 
tions were   slow.     I  believe,   moreover,  that  his  slow  progress 
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towards  civilization  was  in  no  small  degree  due  to  this  same  cause, 
the  absence  of  the  Horse. 

It  is  far  from  my  intent  ion  to  add  to  the  man}'  tiieories  extant 
in  regard  to  the  early  civilizations  in  this  country,  and  their  con- 
nections with  the  primitive  inhabitants,  or  the  later  Indians,  but 
two  or  three  facts  have  recently  come  to  my  knowledge  wiiich  I 
think  worth  mentioning  in  this  connection.  On  the  ColiMnl)ia 
Kivor.  I  have  found  evidence  of  the  former  existence  of  inhal)itants 
mucii  superior  to  the  Indians  at  i)resent  there,  and  of  which  no 
tradition  remains.  Among  many  stone  carvings  which  I  saw  there, 
were  a  number  of  heads  which  so  strongly  resemble  those  of  A[)es, 
that  the  likeness  at  once  suggests  itself.  Whence  came  these 
sculptures,  and  by  whom  were  they  made?  Another  fact  that  has 
interested  me  very  much  is  the  strong  resemblance  between  the 
skulls  of  tl'.e  typical  Mound-builders  of  the  Mississippi  Valle}'  and 
those  of  the  Pueblo  Indians.  I  had  long  been  familiar  with  the 
former,  and  when  I  recently  saw  the  latter,  it  required  the  positive 
assurance  of  a  friend  who  had  himself  collected  them  in  New 
Mexico,  to  convince  me  that  they  were  not  from  the  mounds.  A 
third  fact,  and  I  leave  Man  to  the  Archaeologists,  on  whose  prov- 
ince I  am  even  now  trenching.  In  a  large  collection  of  Mound- 
builders'  pottery,  over  a  thousand  specimens,  which  I  have  recently- 
examined  with  some  care,  I  found  many  pieces  of  elaI)orate  work- 
manship so  nearl\'  like  the  ancient  water-jars  from  Peru,  that  no 
one  could  fairly  doubt  that  some  intercourse  had  taken  place  be- 
tween the  widely  separated  people  that  made  them. 

The  oldest  known  remains  of  Man  on  this  continent  differ  in  no 
important  characters  from  the  bones  of  the  typical  Indian,  although 
in  some  minor  details  the}'  indicate  a  much  more  primitive  race. 
These  early  remains,  some  of  which  are  true  fossils,  resemble  much 
more  closely  the  corresponding  parts  of  the  highest  Old  World 
Apes,  than  do  the  latter  our  Tertiary  Primates,  or  even  the  recent 
American  Monkeys,  Various  living  and  fossil  forms  of  old  world 
Primates  fill  up  essentially  the  latter  gap.  The  lesser  gap  between 
the  primitive  Man  of  America  and  the  Anthropoid  Apes  is  partially 
closed  by  still  lower  forms  of  men,  and  doubtless  also  by  higher 
Apes,  now  extinct.  Analogy,  and  many  facts  as  well,  indicate 
that  this  gap  was  smaller  in  the  past.  It  certainly  is  becoming 
wider  now  with  every  generation,  for  the  lowest  races  of  men  will 
soon  become  extinct,  like  the  Tasmanians,  and  the  highest  Ai)es 
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cannot  loni,'  snivive.  Hence  the  intermediate  forms  of  tlie  past, 
if  any  tlicie  were,  become  of  still  greater  importance.  For  snch 
missing  links,  we  nuist  look  to  the  caves  and  the  later  Tertiary  of 
Africa,  which  I  regard  as  now  the  most  promising  field  for  explo- 
ration in  the  Old  World.  America,  even  in  the  Tropics,  can 
promise  no  snch  inducements  to  aml)itions  explorers.  We  have, 
however,  an  eqnall}'  important  field,  if  less  attractive,  in  the  Cre- 
taceon.s  Mammals,  which  must  have  left  their  remains  somewhere 
on  this  continent.  In  these  two  directions,  as  I  believe,  lie  the 
most  important  future  discoveries  in  Paleontology. 

As  a  cause  for  many  clianges  of  structure  in  mammals  during  the 
Tertiary  and  Post-tertiary,  I  regard,  as  the  most  potent,  Xatural 
Selection,  in  the  broad  sense  in  which  that  term  is  now  used  by 
American  evolutionists.  Under  this  head,  I  include  not  merely 
a  Maltluisian  struggle  for  life  among  the  animals  themselves,  but 
the  equally  important  contest  with  the  elements,  and  all  surround- 
ing nature.  By  changes  in  the  environment,  migrations  are  en- 
forced, slowly  in  some  oases,  rapidly  in  others,  and  with  change 
of  locality  must  come  adaptation  to  new  conditions,  or  extinction. 
The  life-history  of  Tertiary  mammals  illustrates  this  principle  at 
every  stage,  and  no  other  explanation  meets  the  facts. 

The  real  progress  of  mammalian  life  in  America,  from  the  be- 
ginning of  the  Tertiary  to  the  present,  is  well  illustrated  by  the 
Brain-growth,  in  which  we  have  the  ke}'  to  man}-  other  changes. 
The  earliest  known  Tertiary  mammals  all  had  verj'  small  brains, 
and  in  some  forms  this  organ  was  proportionally  less  than  in  certain 
Reptiles.  There  was  a  gradual  increase  in  the  size  of  the  brain 
during  this  period,  and  it  is  interesting  to  find  that  this  growth 
was  mainly  confined  to  the  cerebral  hemispheres,  or  higher  portion 
of  the  brain.  In  most  groups  of  mammals,  the  brain  has  gradually 
become  more  convoluted,  and  thus  increased  in  quality,  as  well  aa 
quantity.  In  some,  also,  the  cerebellum,  and  olfactor}'  lobes,  the 
lower  parts  of  the  brain,  have  even  diminished  in  size.  In  the 
long  struggle  for  existence  during  Tertiary  time,  the  big  brains 
won,  then  as  now ;  and  the  increasing  power  thus  gained  rendered 
useless  many  structures  inherited  from  primitive  ancestors,  but  no 
longer  adapted  to  new  conditions. 

Another  of  the  interesting  changes  in  mammals  during  Tertiary 
time  was  in  the  teeth,  which  were  gradually  modified  with  other 
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parts  of  the  structure.  The  primitive  form  of  tooth  was  clearly 
a  cone,  and  all  others  are  derived  from  Ihis.  All  classes  of  verte- 
brates helow  inammals,  namely,  Fislies,  Amphibians,  Reptiles,  and 
Birds,  have  conical  tcetli,  if  any,  or  some  simple  modification  of 
this  form.  The  Edentates  and  Cetaceans  with  teeth  retain  this 
type,  except  the  Zeuglodonts,  whicii  approach  the  dentition  of 
aquatic  Carnivores.  In  the  higher  mammals,  the  incisors  and 
canines  retain  the  conical  shape,  and  the  premolars  have  onlj'  in 
part  been  transformed.  The  latter  gradually  change  to  the  more 
complicated  molar  pattern,  and  hence  are  not  reduced  molars,  but 
transition  forms  from  the  cone  to  more  complex  types.  Most  of 
the  earh'  Tertiarj'  mammals  had  forty-four  teeth,  and  in  the  oldest 
forms  the  premolars  were  all  unlike  the  molars ;  while  the  crowns 
were  short,  covered  with  enamel,  and  without  cement.  Each  stage 
of  progress  in  the  differentiation  of  the  animal  was,  as  a  rule, 
marked  by  a  change  in  the  teeth  ;  one  of  the  most  common  being 
the  transfer,  in  form  at  least,  of  a  premolar  to  the  molar  series, 
and  a  gradual  lengthening  of  the  crown.  Hence,  it  is  often  easy 
to  decide  from  a  fragment  of  a  jaw,  to  what  horizon  of  the  Tertiary 
it  belongs.  The  fossil  Ilorees  of  this  period,  for  example,  gained 
a  grinding  tooth,  for  each  toe  they  lost,  one  in  each  epoch.  In  the 
single-toed  existing  horses,  all  the  premolars  are  like  the  molars, 
and  the  process  is  at  an  end.  Other  dental  transformations  are  of 
equal  interest,  but  this  illustration  must  suffice. 

The  changes  in  the  limbs  and  feet  of  mammals  during  the  same 
period  were  quite  as  marked.  The  foot  of  the  primitive  mammal 
was  doubtless  plantigrade,  and  certainly  five-toed.  Many  of  the 
early  Tertiarj'  forms  show  this  feature,  which  is  still  seen  in  some 
existing  forms.  This  generalized  foot  became  modified  b}'  a  grad- 
ual hjss  of  the  outer  toes,  and  increase  in  size  of  the  central  ones  ; 
the  reduction  proceeding  according  to  systematic  methods,  differ- 
ing in  each  group.  Corresponding  changes  took  place  in  the  limb 
bones.  One  result  was  a  groat  increase  in  speed,  as  the  power 
was  applied  so  as  to  act  only  in  the  plane  of  motion.  The  best 
effect  of  this  specialization  is  seen  to-day  in  the  Horse  and 
Anteloi>e,  each  representing  a  distinct  group  of  Ungulates,  with 
five-toed  ancestors. 

If  the  history  of  American  Mammals,  as  I  have  briefl}'  sketched 
it,  seems   as   a  whole   incomplete,  and    unsatisfactory',  we    must 
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rcmcinlu'i-  lliat  tlio  <ri'nc:il<)p;ic:il  tree  of  this  i-l:iss  has  its  tiiinl:  and 
larger  liinlis  foiu-calcil  hciifalli  the  (h'hris  of  Mt-sozoic  time,  while 
its  roots  (loiihtless  strike  f^o  lU'epls-  into  the  I'aicozdic  that  I'oi-  the 
present  they  are  h)st.  A  deeade  or  two  henee,  we  shall  probaidy 
know  sonii'tliini;  of  the  n)ainmalian  fanna  of  the  Crelaoeons,  and 
lli<'  earlii'r  lineaue  of  our  existing  nianinials  can  then  lie  traced 
with  more  certainty. 

Tlie  lesults  I  have  presented  to  you  are  mainly  derived  from 
personal  observation  ;  and  since  a  large  part  of  the  higher  verte- 
brate remains  found  in  this  country  have  passed  through  my  hands, 
1  am  willing  to  assume  lull  responsibility  for  my  i)resentation  of 
tlie  subject. 

For  our  present  knowledge  of  the  extinct  Mammals,  Birds  and 
Reptiles  of  North  America,  science  is  especially  indebted  to  Leidy, 
whose  careful,  conscientious  work  has  laid  a  secure  foundation  for 
our  vertebrate  palaeontology.  The  energ}'  of  Cope  has  brought 
to  notice  many  strange  forms,  and  greatly  enlarged  our  literature. 
Agassiz.  Owen,  Wynian,  Baird,  Hitchcock,  Deane,  Emmons,  Lea, 
Allen,  Gibbes,  Jefierson,  DeKay,  and  Harlan,  deserve  honorable 
mention  in  the  history  of  this  branch  of  science.  The  South 
America  extinct  vertebrates  have  been  described  by  Lund,  Owen, 
Burmeister,  Gervais,  Huxley,  Flower,  Desmarest,  Ayniard.  Pictet, 
and  Nodot.  Darwin  and  Wallace  have  likewise  contributed 
valuable  information  on  this  subject,  as  they  have  on  nearly  all 
forms  of  life. 

In  this  long  history  of  ancient  life,  I  have  said  nothing  of  what 
Life  itself  is.  And  for  the  best  of  reasons,  because  1  know  noth- 
ing. Here  at  present  our  ignorance  is  dense,  and  yet  we  need  not 
despair.  Light,  Heat,  Electricity,  and  Magnetism,  Chemical  Af- 
finity, and  Motion,  are  now  considered  different  forms  of  the  same 
force  ;  and  the  opinion  is  rapidly  gaining  ground  that  Life,  or 
vital  force,  is  onl}'  another  phase  of  the  same  power.  Possibly 
the  great  mystery  of  Life  may  thus  be  solved,  but  Avhether  it  be 
or  not,  a  true  faith  in  Science  knows  no  limit  to  its  search  for  Truth. 
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Note  upon  the  History  and  A^alue  of  the  Term  IIi.nsoN 
River  Group  in  American  Gkological  N()mi.n<  lature. 
B}'  James  Hall,  of  Albany,  N.  Y. 

During  the  past  j-ear  ni\'  attention  has  been  especially  dirocted 
to  a  note  written  b}'  nie  and  pnblished  in  the  Geological  Report 
of  Wisconsin,  in  the  eailj'  part  of  1862,  in  reference  to  the  Hudson 
River  Group. 

In  this  note  I  had  accepted  the  determinations  made  liy  the 
Geological  Survey  of  Canada,  regarding  the  extension  of  the  older 
rocks  of  the  Cliamplain  and  Hudson  valleys,  marked  by  the 
presence  of  a  primordial  fauna,  accepting  at  the  time  the  sugges- 
tion that  the  few  known  fossils  of  the  ''Second  Fauna"  in  the 
Hutlson  River  shales,  were  contained  in  some  outliers  of  insignifi- 
cant extent  embraced  within  the  folds  of  the  older  rocks,  or 
resting  upon  the  primordial  beds  which  formed  the  fundamental 
rocks  of  the  valley.  Primordial  forms  of  Trilobites  were  known  to 
occur  in  the  shales  of  Georgia,  Vt,,  and  in  Washington  count}', 
K.  Y.  The  Graptolites  of  Norman's  Kdl  and  other  localities 
had  been  referred  by  Mr.  Billings  to  the  primordial  fauna  ;  a  similar 
view  having  been  previousl}'  advanced  bj'  Dr.  Emmons,  who  had 
included  manj'  of  these  species  in  his  Taconic  s^-stem,  and  had, 
moreover,  extended  the  terra  Taconic  to  the  shales  of  the  Hudson 
valley.  The  Graptolites  of  the  Canadian  Survey,  which  had  been 
placed  in  my  hand  for  description  and  illustration,  embraced 
collections  from  Point  Levis,  and  other  localities  on  the  St.  Law- 
rence below  Quebec.  Among  these,  were  a  considerable  number  of 
species  identical  with  those  of  the  shales  of  the  Hudson  River 
valley  ;  and  it  was  asserted  that  all  were  of  the  same  geological 
age  as  the  Point  Levis  shales.^ 

I  The  conection  of  this  reference  of  the  Graptolites  was  not  made  until  consider.ible 
time  !ifter\var<l.-i,  when,  having  Patisfied  myself  of  the  true  relations  of  the  Hudson 
River  Graiitolite  beds,  I  protested  aj;ain!-t  including  Uiese  forms  witli  those  of  the 
elates  of  Point  Levis;  and  they  were  omitted  irom  the  Decade,  alter  having  been 
figured.  ' 
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Admittiii!;  llio  facts  as  prcsontod.  there  seemed,  therefore,  at  that 
time,  no  escape  from  the  conchisioii  that  we  had  been  in  error 
in  referring  oiu*  Gruptolite  slates  to  the  "Second  Fauna."  These 
shites  area  marked  feature  in  the  rocks  of  the  Hudson  Valley; 
and  occur  at  numerous  localities  over  an  extent  of  more  than  fifty 
miles  along  the  river  valley,  and  evidently  cf)nstitute  a  very  con- 
sideral)le  part  of  the  great  mass  of  the  rock  formation.  The  con- 
clusion was,  therefore,  unavoidable,  that  if  these  graptolite  slates 
were  to  be  regarded  as  Primordial,  we  had  small  evidence  to  the 
contrary  in  the  two  or  three  limited  areas  which  had  furnished  a 
few  fossils  of  the  "Second  Fauna." 

Not  onl}'  from  the  publications  on  this  subject,  did  I  base  the 
opinions  expressed  in  the  above  mentioned  note,  but  also  the 
numerous  letters  of  Sir  "William  Logan,  who,  reviewing  his  earlier 
position  relative  to  the  Hudson  River  Group,  now  abandoned  the 
views  which  he  strenuously  maintained  two  years  previously 
(1859),  and  showed,  by  his  method  of  interpretation,  that  the 
whole  series  was  of  primordial  age  ;  and  that  we  had  hithcrtvD  been 
in  error  as  to  our  views  of  the  structure. 

Under  the  pressure  of  the  necessity  of  publishing  the  Geological 
Report  of  Wisconsin,  which  was  mostly  printed  in  1861  —  with 
no  opportunity  for  testing  the  question  in  the  field,  and  wishing  to 
avoid  the  perpetuation  of  an  error,  I  dropped  the  term  Hudson 
River,  as  applied  to  the  green  shales  and  calcareous  bands  above 
the  Trenton  limestone,  and  wrote  the  explanator}*  note  which  the 
circumstances  seemed  to  render  necessary ;  and  which  has  unfor- 
tunately been  allowed  to  remain  too  long  unexplained. 

Subsequently,  Sir  William  and  m\self  undertook  some  investi- 
gations along  the  Hudson  River  and  the  adjacent  counties  on  the 
east,  which  led  to  a  clear  recognition  of  the  slates  and  sandstones 
of  the  Hudson  River  Group  on  both  sides  of  the  river,  as  originally 
designated  and  limited  in  signification  by  the  New  York  geolo- 
gists, and  constituting  by  itself  the  entire  mass  of  the  formation. 
On  the  West  bank  of  the  river  this  Group  continues  uninterrupt- 
edly from  Saratoga  county  to  Kingston  in  Ulster  count}' ;  and  on 
the  east  side  of  the  river,  is  clearl}'  defined  along  the  valley,  with 
a  width  of  from  one  to  several  miles,  varying  and  irregular  in  out- 
line, through  the  counties  of  Washington,  Rensselaer  and  Colum- 
bia, its  eastern  limit  approaching  the  river  near  Rhinebeck. 
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A  farther  careful  study  of  the  materials  collected  showed  con- 
clusively that,  within  tlie  limits  indicated,  all  the  fossils  were  of 
the  "Second  Fauna."  Many  of  the  species  of  Graptolites,  so 
abundant  in  certain  localities  of  the  disturbed  and  partially  altered 
shales,  were  also  found  in  the  shales  and  sandstones  which  grad- 
ually assumed  an  undisturbed  and  unaltered  condition  within  a 
few  miles  west  of  the  river,  extending  thence  through  the  Mohawk 
valle^',  where  they  rest  conformably  upon  the  limestones  of  the 
Trenton  Group. 

Limited  on  the  east  b}'  older  rocks,  the  formation  extends  in 
unbroken  continuity  from  the  Hudson,  through  the  Mohawk  valley, 
outcropping  on  one  or  both  sides  of  the  river,  and,  beyond  Little 
Falls  expanding  over  a  wide  area  in  Oneida,  Lewis,  Oswego  and 
Jefferson  counties.  Here,  interrupted  by  Lake  Ontario,  its  exten- 
sion may  be  taken  up  on  the  north  shore  of  the  lake,  and  traced 
throughout  the  Ui)per  Peninsula ;  and  thence  upon  the  islands  of 
Lake  Huron,  as  I  have  long  ago  shown  ;  the  formation  becoming 
more  argillaceous  and  calcareous  in  its  western  extension,  forming 
the  green  shale  and  limestone  beds  of  Big  and  Little  Bay  de 
Noquets  and  of  Green  Ba}- ;  ever3'where  resting  on  the  Trenton 
limestone,  and  surmounted  by  the  Medina  sandstone,  the  Clinton 
and  Niagara  Groups.- 

The  formation  everywhere  contains  the  same  species  of  fossils, 
with  a  largely  increasing  number  of  individuals  and  of  species  as 
we  go  westward.  The  forms  known  in  the  Hudson  and  Mohawk 
valleys,  are  found  in  these  rocks  near  Toronto  and  throughout  the 
western  peninsula  ;  in  the  islands  of  Lake  Huron  ;  at  the  Bales 
de  Koquets,  Green  Bay  and  elsewhere.  The  physical  limits  of 
the  formation  are  the  same  by  vvliatever  name  it  may  be  known  in 
different  portions  of  its  extent ;  and  its  fossil  species  being  every- 
where identical,  the  designation  should  be  the  same  throughout. 

From  the  earliest  teachings  in  American  Geolog}^  these  dis- 
turbed and  partially  altered  rocks  of  the  Hudson  valley  have  been 
a  subject  of  discussion.  From  the  first,  their  relations  and  relative 
age  have  been  misinterpreted,  owing  to  the  fact  that  not  only  the 
rocks  in  the  immediate  valley  of  the  Hudson,  but  also  those  be- 

'  We  have  representations  of  the  Medina  sandstone  and  Clinton  group  on  the  shores 
of  Green  Bay;  and  of  the  Clinton  group  elsewhere  iu  Wisconsin. 
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twi'i'ii  llio  rivoraml  the  ciisttMii  limit  of  liie  State,  were  treated  as 
H  sin<;U'  nioiii)  «>r  system  <jf  loi-Us.  and  l»clony;ii)g  to  one  geological 
age,  llms  t  rratingc'iinfiision  in  wliatcvcr  aspect  they  were  regarded. 
These  wvvi'  the  Transition  Hotks  of  Katon,  and  considered  by  liiin 
us  the  oldest  lossilirtTons  rocks  of  the  country,  and  older  than 
those  of  similar  character  in  the  Mohawk  valley  and  westward. 
Tiny  included  the  Argillite  ;  the  First  Graywacke,  en)bracing  the 
Millstone  (irit,  Rnltble,  etc.;  the  Sparry  limerock,  Calciferons 
sandrock,  and  Melallilerous  limestone, —  the  latter  being  tlie  Tren- 
ton limestone,  indicateil  by  Eaton  as  the  upper  limit  of  the  Tran- 
sition .Series.  The  second  Graywacke  included  the  unaltered  shales 
and  shaly  sandstones  above  the  Trenton  limestone  in  the  Mohawk 
valley,  and  of  Oswego  county  ;  together  with  all  those  subsequently 
termed  Utiea  slate;  Herkimer  slate,  shales  and  sandstones  of 
Salmon  River  and  Pulaski  :  the  Loraine  shales,  etc. 

At  a  later  period,  in  the  Geological  Survey  of  Pennsylvania,  the 
belt  of  rocks  between  the  eastern  limit  of  the  State  and  the  Hud- 
son River,  and  also  along  the  west  side  of  the  Hudson,  was  in- 
cluded in  the  Series  No.  IH  of  Prof.  Rogers.  Subsequently,  it  was 
designated  by  the  New  York  geologists,  the  Hudson  River  Group. 

Up  to  the  time  of  the  near  completion  of  field  work  of  the  Ge- 
ological Survey  of  New  York,  no  serious  question  had  been  raised 
regarding  a  separation  of  the  rocks  of  the  Hudson  valle\'  from 
those  forming  the  belt  of  country  on  the  east ;  and  it  now  l)ecame 
necessary  to  make  some  designation  in  accordance  with  the  plan 
ad()|)ted,  of  giving  local  names  to  geological  formations.  Prof. 
Mather,  whose  district  embraced  the  counties  of  AVashington, 
Saratoga  and  Schenectady,  and  the  whole  extent  of  the  Hudson 
valley,  had  clearly  traced  the  formations  of  this  valley  along  the 
Mohawk  to  their  undisturbed  position  in  Schenectady  and  Mont- 
gomery counties;  and  his  arguments  in  favor  of  the  term  Hudson 
River  Group  were  accepted,  and  the  name  adopted. ^ 

The  identity  of  the  formations  already  enumerated,  in  the  cen- 
tral and  northwestern  parts  of  the  State,  with  those  of  the  Mo- 
hawk valley  at  Cohoes  and  Schenectady,  and  with  those  of  the 
Hudson  Valley  near  Albany,  Hudson,  and  numerous  other  locali- 
ties, was  considered  well  established  ;  both  by  direct  continuity 

•These  ai-fruments  .11-e  summarized  by  Prof.  Matlior  in  his  final  Report,  nnder  the 
head  of  Geolojry  of  Albany,  Schenectady  and  Saratoga  counties.  Especially,  see  pp. 
377  and  37S.    These  views  have  been  fully  conflrnied  by  tubsequent  investigations. 
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on  the  west  side  of  the  river,  where  the  superposition  was  appaiviit, 
and  by  ti»e  fossil  contents  so  far  as  known  ;  and  the  term  lliidsun 
Kiver  Group  was  accepted  for  the  whole. 

At  that  time  no  question  had  been  raised  in  regard  to  the  age 
of  tiie  great  mass  of  nietamorphic  shales  and  sandstones  to  the 
eastward.  There  was  no  knowledge  of  their  fossil  contents,  and 
they  were  supposed  to  be  onl}^  a  more  extremely  metamor[)hosed 
condition  of  the  formation.  We  now  know  approximately  the 
limits  between  the  newer  and  the  older  formations  ;  and  there  is 
no  longer  any  question  that  the  newer  series,  or  the  rocks  above 
the  Trenton  limestone,  do  occupy  both  sides  of  the  Hudson  Kiver 
for  nearly  one  hundred  miles,  and  continue  along  the  valley  many 
miles  farther  toward  Lake  Champlain. 

The  term  Hudson  River  Group  has  therefore  a  definite  signifua- 
tion,  from  absolute  knowledge  of  su[)erposition  and  fossil  contents. 
The  error  lay  in  extending  the  term  to  rocks  on  the  eastward  at  a 
time  when  their  fossil  contents  had  not  been  studied,  and  were  in 
fact  unknown,  and  their  geological  position  had  not  been  deter- 
mined by  critical  examination. 

Within  a  few  years  the  term  Cincinnati  Group  has  been  proposed 
and  applied  to  the  rocks  termed  Blue  limestone  and  Marls  in  the 
original  Geological  Surve\'of  Ohio  ;  the  same  which  form  the  great 
ex[)osure  along  the  line  of  the  Cincinnati  axis.  These  rocks  are 
of  the  same  age  and  hold  the  same  geological  position,  between 
the  Trenton  limestone  below  and  the  Clinton  or  Niagara  group 
above,  as  the  rocks  of  the  Hudson  River  Group  in  the  original 
signification  of  the  term. 

From  examinations  made  in  1841"*  I  gave  the  evidence  of  certain 
fossils,  and  my  reasons  for  identifying  this  formation  in  Oliio, 
Kentucky  and  Indiana,  with  the  Hudson  River  Group  of  New  York. 
I  have  briefly  stated  these  facts  in  m}'  Report  on  the  "  Geological 
Survey  of  New  York,  Fourth  District."  In  Foster  &  Whitney's 
"Report  upon  the  Lake  Superior  Land  District,"^  I  have  shown,  as  I 
think  very  clearly,  the  relations  of  the  Hudson  River  Group  of  New 
Y'ork,  with  the  calcareous  shales  with  limestone  bands,  on  Little 
Bay  de  Noquet  and  the  peninsula  i)etween  the  Little  and  Big  Bay 
de  Noquet ;  and  also  the  occurrence  of  the  same  betls  on  the  east 

<  Publi^lieil  in  the  Trantacfions  of  the  Association  of  American  Geologists  and  XaU 
uralistt,  IS-l:!. 

«  Vol.  II,  pp.  148-151. 


2G1  HUDSON    UIVKK    GROUr;    UY    JAMKS    IIAI.L. 

Bide  of  Greoii  lia}'  ;  ami  1  liavc  jilso  shown  llu"  ii'hilions  of  these 
rocUs  wilh  tho.se  of  the  sonthwesterii  loealities. 

The  evidence  and  the  arguments  adduced  1)V  me  in  1841,  1843, 
18o0,  and  aijain  in  lyaH,**  luive  been  fortified  by  additional  obser- 
vations in  hiter  years.  The  shales  and  impure  sandstones,  in 
disturbed  condition  along  the  Hudson  valley,  are  identical  with 
those  jiearly  horizontal  and  unchanged  a  few  miles  to  the  westward, 
anil  continuing  throughout  the  extent  of  New  York  and  Canada 
West,  with  a  gradual  attenuation,  from  the  cessation  of  coarser 
deposits  and  increase  of  calcareous  matter,  until  they  become  what 
we  find  them  in  Michigan  and  Wisconsin  ;  whence  they  have  been 
traced  into  Illinois  and  Iowa;  while  the  identity  of  these  with  the 
formations  in  Ohio,  Indiana  and  Kentucky,  has  been  clearly  deter- 
mined and  fully  acknowledged.  The  term  Hudson  River  Group 
had  therefore  been  sntflciently  defined.  The  fasts  which  had  sus- 
tained it  remain  unchanged.  It  has  been  accepted  in  Geological 
Nomenclature,  and  it  is  incorporated  in  all  our  publications.  We 
cannot,  now,  apply  the  term  Cincinnati,  or  any  other  name,  to  the 
shales  and  sandstones  which  exist  in  great  development  along  the 
Pludson  River,  extending  thence  to  the  Mohawk  and  its  tributaries, 
and  traced  in  wide  expansion  and  highly  fossiliferous  character 
throughout  the  northwestern  counties  of  New  York. 

It  is  true  that  under  the  influence  of  assertions  that  seemed  to 
prove  our  original  conclusions  erroneous,  and  giving  too  easy 
credence  to  the  opinionsof  others  who  had  full  opportunities  of  inves- 
tigation, I  hastil3'  expressed  my  belief  that  the  interest  of  geologi- 
cal science  required  that  the  term,  Hudson  River  Group,  should  be 
abandoned  ;  in  other  words,  that  a  name  which  had  been  applied 
to  rocks  of  the  second  great  Palaeozoic  period,  should  not  be  con- 
tinued in  its  application  to  rocks  of  Primordial  age. 

The  Hudson  River  Group  was  originally  defined,  and  many 
of  its  characteristic  fossils  were  designated  and  illustrated,  in  the 
Reports  of  the  First,  Second  and  Third  Geological  Districts  of 
the  New  Y''ork  Survey  ;  Dr.  Emmons,  however,  using  the  term 
Loraine,  while  recognizing  the  formation  as  of  the  same  age  with 
the  shales  of  the  Hudson  valle}-.  All  the  fossils  originall}- cited 
as  typical  of  the  Group  are  of  the  Second  Fauna.  It  was  at  a 
later  period,  through  Sir  William  Logan's  interpretation  of  Geo- 
logical Structure,  that  some  forms  of  the  older  Fauna  were  referred 

*  Iceport  on  the  Geological  Survey  of  Iowa. 
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to  the  same  group.  But  because  of  this  mistake,  which  was  easy 
to  be  made  in  a  disturbed  region  of  countr}',  no  good  reason  is 
adorded  for  abandoning  the  use  of  a  term  by  wliicli  a  well-estab- 
lished group  of  strata  was  originally  designated  and  accepted. 


The  Older  Rocks  of  Western  North  America.     By  T.  Sterry 
Hunt,  of  Boston,  Mass. 

[ABSTRACT.] 

The  author  began  by  calling  attention  to  the  great  types  of 
crystalline  stratified  eozoic  rocks  which  he  has  recognized  in  the 
eastern  part  of  the  continent,  and  in  Europe,  and  which  he  has 
endeavored  to  show,  constitute  distinct  groups,  well  marked,  both 
lithologically  and  geognosticall}'.  He  then  gave  some  conclusions 
drawn  from  observations  made  by  himself  at  a  few  points  among 
the  crystalline  rocks  during  a  late  journey  in  the  West.  His  ex- 
aminations of  these  among  the  Rocky  Mountains  were  made  in  the 
Sangre  de  Christo  range,  near  Garland  ;  and  in  the  Front  or 
Colorado  range  at  the  Ute  pass  and  Glen  Eyrie,  and  also  along 
Clear  Creek  canon  and  about  Georgetown.  In  all  of  these  local- 
ities he  found  gneissic  rocks,  frequently'  granitoid,  often  horn- 
blendic,  but  scarcely  micaceous,  and  apparently  identical  with  the 
Laurentian  series  of  the  East.  lie  referred  to  the  published  ob- 
servations of  the  late  Mr.  Marvine  in  Ilayden's  report  for  1873, 
who  had  carefully  studied  these  rocks  in  the  Colorado  range,  and 
who  compared  them  to  the  Laurentian,  and  he  agreed  with  Mr. 
Marvine  in  regarding  as  indigenous  the  red  granitoid  rocks  in  the 
region  of  the  Ute  pass.  Similar  granitoid  rocks  at  and  near 
Sherman,  on  the  Union  Pacific  railroad,  are  also,  according  to  the 
author,  probably  of  the  same  nature.  He  referred  in  this  con- 
nection to  the  area  of  labradorite  rocks  having  the  character  of  the 
Norian  series,  found  in  the  Rocky  Mountain  region,  in  Wyoming, 
but  known  to  the  speaker  only  through  specimens. 

The  rocks  of  the  Wahsatch  range,  as  seen  in  the  Devil's  Gate 
on  the  Weber  River,  are  Laurentian,  to  which  series  are  to  be  re- 
ferred also  the  crystalline  stratified  rocks  found  in  the  same  range 
further  south,  in  the  upper  part  of  the  Little  Cottonwood  canon. 
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Here,  amonf;  loose  blocks  of  llio  giieisa,  are  found  occasional 
masses  ol"  ctKirselv  crystalline  limestone  with  mica,  and  otlii-rs  of 
a  peculiar  type  of  pyroxonic  rock  which  accompanies  similar  lime- 
stones in  the  Laurentian  series.  The  crystalline  rocks  in  the 
lower  part  of  the  same  (anon  are,  however,  well  marked  exotic 
or  eruptive  granites. 

Eiiiptive  granites  are  found  in  California,  where  they  abcnind 
among  the  foot-hills  of  the  Sierras,  in  Placer  and  Nevada  counties. 
TIk'  ciystalline  schists  observed  by  the  speaker  in  these  counties, 
and  in  Amador  county,  are  Huronian,  and  have  all  the  characters 
of  the  Huronian  series  as  seen  in  the  eastern  regions  of  North 
America,  and  of  the  j)j"e?ri  verdi  of  the  Alps.  To  this  horizon  are 
also  to  be  referred  the  similar  cr^'stalline  rocks  of  the  Coast  range 
of  California,  as  seen  near  San  Francisco  and  San  Jose.  The 
auril'erous  veins  which,  in  the  Rocky  IMonntains,  intersect  the 
Laurentian  gneisses,  are  found  in  the  Sierras  alike  in  the  Huronian 
schists  and  in  the  eruptive  granites,  which  probably  penetrate  the 
Huronian  scries. 


Geology  and  Topography  of  the  Oil  Region  of  Tennessee, 
WITH  some  account  of  the  Oil  Springs  and  "NVells.  By 
J.  B.  KiLLEBREW,  of  NashviUc,  Tenn. 
The  oil  territory  of  Tennessee  occupies  the  extreme  southern 
end  of  the  great  oil  belt  which  extends  in  a  southwesterly  direction 
from  Ontario,  Canada,  through  New  York,  Pennsylvania,  West 
Virginia,  Kentucky,  and,  as  far  as  now  known,  terminates  in  Ten- 
nessee. The  belt  widens  at  both  extremities,  bearing  to  the  west- 
ward in  Canada  around  Lake  Erie,  and  spreading  out  laterallj"^  in 
Tennessee,  so  as  to  comprise  Dickson  and  Hickman  counties,  lying 
west  of  Nashville.  The  following  counties  are  included,  or  are 
supposed  to  be  included,  in  the  oil  region  of  Tennessee,  namely: 
Overton,  Clay,  Putnam,  Fentress,  Jackson,  Trousdale,  Sumner, 
Davidson,  Dickson,  and  Hickman.  In  all  these  some  petroleum 
has  been  foiuid  ;  l)ut  l)y  far  the  most  numerous  indications  have 
been  met  with  in  the  counties  of  Overton,  Putnam,  Clay,  and 
Fentress,  all  of  which  lie  at  the  western  foot,  and  even  include  a 
part  of  the  Cumberland  table-land.     The  oil  exudations  are  found 
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mostlv  witliiii  the  limits  of  a  belt  lying  at  tlie  western  base  of  the 
Cniiiberland  table-land,  whieli  belt  is  aI)ont  eighteen  miles  wide, 
and  has  a  northeasterly  and  southwesterly  direetion. 

Gkology. — The  oil  region  in  Tennessee  belongs  mainly  to  that 
natural   division    of  the  State   called    the  Highland  Rim,  which 
surrounds,  like  the  rim  of  a  plate,  the  great  silurian  limestone  basin 
in  which  Nashville  is  situated.     For  the  most  part  the  formations 
of  the   oil    region  pertain  to  the  8ub-Carboniferous,  though  the 
streams  have  cut  deep  channels  through  this  formation  and  the 
Devonian  black  shale  to  the  Cincinnati  or  Nashville  group  of  the 
Lower  Sibuian.     The  Devonian  age  in  the  Tennessee  oil  region, 
unlike  that  of  Pennsylvania,  has  but  one  representative,  and  that 
corresponds   to   the  Hamilton    black   shale   of  New  York.     The 
Corniferous,  Marcellus,  Portage,  Chemung   and    Catskill  an;  all 
wanting;  also  the  whole  of  the  Ui)per  Sihuian  formations.      The 
Upper  Silurian  ai)pears  west  of  Nashville,  and  to  a  limited  extent 
in  the  western  part   of  Sumner  county,  northeast   of  Nashville, 
wliere  the  Meniscus  gray  limestone  of  the  Niagara  epoch  is  present 
in  considerable  volume — estimated  at  one  hundred  and  twenty  feet 
in  thickness.     It  thins  out  farther  eastward,  and  totally  disappears 
in  the  counties  constituting  the  oil  centre.     The  Portage  group,  in 
New    York   and   Pennsylvania,  consists  of  shales  and  laminated 
sandstones,  and  has  a  thickness   of  about  seventeen  hundred  feet. 

The  Chemung  efioch  has  the  same  general  lithological  character, 
and  in  these  two  members  of  the  Devonian  age  most  of  the  oil 
product  of  Pennsylvania  is  stored.  In  Overton  county  in  Tennes- 
see in  which  the  greatest  number  of  oil-springs  occur,  there  is  a 
great  variety  of  geological  formations.  The  coal  measures  cap  the 
highest  point  in  the  eastern  parts  of  the  county  and  are  also  met 
with  near  the  crests  of  such  isolated  peaks  as  Pilot  Knob  and 
Al[)ine  mountain,  both  outliers  of  the  Cumberland  tableland,  but 
separated  from  it  b}'  profound!}"  eroded  chasms.  The  Sul)-Carbon- 
iferous,  consisting  of  two  groups — the  Mountain  Limestone  and 
Silicious  group — has  a  wide-spread  development,  the  Mountain 
Limestone,  about  four  hundred  feet  thick,  occurring  in  limited  areas, 
forming  l)enches  on  the  slope  of  the  Cumberland  table-land  and 
its  outliers,  and  also  appearing  on  the  side  of  the  terrace  lands, 
which  occupy  a  considerable  part  of  the  county.  The  Silicious 
group  covers  fully  three-fourths  of  the  count}',  and  is  the  foundation 
for   the   cla}'  uplands.     This  group  has  two  numbers :  First,  the 
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Litliostrotion  or  coral  hods  ;  second,  the  Lower  Silicious  or  Protean 
bed,  which  underlies  the  first.  The  Litliostrotion  or  coral  bed 
covers  extensive  areas  in  the  oil  region,  and  may  always  be  known 
by  the  prcsenccofa  fossil  coral  (Lithostrotioit  cunadotse)  VQHe\n\}\\ug 
a  ''petrilit'd  iioiiiet's  nest."  This  formation  is  also  always  charac- 
terizeil  by  the  presence  of  sink-holes,  showing  the  existence  of 
iinder<irt)iiiid  channels.  The  town  of  Livingston  is  bnilt  upon  a 
bed  of  this  coral.  Tliis  bed  is  about  two  hundred  feet  thick,  and 
its  top  la3'ers  consist  often  of  heavy-bedded,  grayish  limestone, 
known  as  the  St.  Louis  limestone.  Some  of  it  is  highly  crystal- 
line, and  makes  a  respectable  marl)le.  The  Lower  Silicious  or 
Protean  bed,  about  two  hundred  and  seventy  feet  thick,  covers  all 
the  region  around  Spring  creek,  at  which  place  the  greatest  quan- 
tity of  oil  has  been  obtained  ;  also,  the  undulating  lands  south  of 
Livingston,  and  the  flat  lands  on  the  west.  It  displays  itself  in 
frequent  depressions  in  the  north  and  northwest  portions  of  the 
oil  belt.  It  takes  numerous  forms  ;  sometimes  its  top-laj'eis  are  a 
fine-grained,  exceedingly  porous,  yellowish  sandstone.  This  often 
overlies  a  limestone,  bluish  fetid,  crinoidal.  Oftentimes  for  this 
limestone  is  substituted  another  laj^er,  exceedingly  silicious,  filled 
■with  nodules  of  chert,  or  interstratified  Avith  thin  and  thick  layers 
of  the  same  material.  These  chert}-  layers  sometimes  displace 
the  calcareous  material  altogether.  Again,  the  Keokuk  shales, 
hard,  l)luish,  thin  and  calcareous,  usurp  the  place  of  the  sandstone, 
gra3ish  limestone  and  chert}'  la^-ers,  and  form  a  continuous  shale- 
bed  two  hundred  and  fifty  feet  thick.  This  is  the  case  on  Eagle 
creek,  in  the  northeastern  part  of  the  county.  The  bluffs  below 
"Waterloo  falls,  on  Spring  creek,  are  composed  of  a  great  thickness 
of  crinoidal  limestone,  in  which  crinoidal  buttons  and  stems  form 
a  considerable  i)art  of  the  mass.  The  same  is  true  with  some  of 
the  blulfs  on  Obeys  river.  Above  Waterloo  falls  the  silicious 
limestone  prevails. 

Immediately  below  the  Sub-Carboniferous  comes  the  Devonian 
black  shale,  highly  charged  with  petroleum  and  fissured  by  numer- 
ous vertical  crevices,  which  make  it  resemble,  where  exposed,  a 
tessellated  floor.  It  is  seldom  met  with  as  a  top  formation.  A 
few  limited  areas,  where  it  appears  as  such,  ma}'  be  found  near  the 
mouth  of  Eagle  creek  and  in  the  beds  of  some  of  the  streams  as 
they  approach  Obeys  and  Cumberland  I'ivers.  It  is,  however,  a 
very  persistent  formation,  and  ma}'  always  be  found  throughout 
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the  State  in  its  proper  geological  horizon.  Its  usual  thiclvnc«;s  in 
Ihe  Tennessee  oil  region  is  from    twenty-six  to  thirty-five    I'eet. 

The  Cincinnati  and  Nashville  group  of  the  Lower  Silurian  pre- 
sents itself  in  the  beds  or  inclosing  banks  of  the  principal  streams 
as  they  approach  the  Cumberland  river. 

On  Spring  creek  the  rocks  of  the  Cincinnati  group  come  to  the 
surface  below  Waterloo  falls  ;  on  Roaring  River,  below  Crawford's 
mill,  and  on  Obej's  river,  just  below  the  mouth  of  Franklin  creek. 
The  following  section,  taken  in  the  region  around  the  oil  wells 
at  Spring  creek  by  Dr.  SatTord,  but  since  corrected  by  myself  to 
correspond  with  the  result  of  the  borings,  will  serve  to  illustrate 
the  geological,  lithological  and  paleontological  features  of  the 
strata  at  this  place.  The  section  given  is  really  a  combination  of 
two  sections,  so  as  to  include  both  the  lower  coal-measures  and 
the  Sub-Carboniferous  formations : 

Coal-measures,  sandstones  and  shales     .     .     .     250  feet 

Mountain  limestone  heavy  bedded, 
filled  with  pentremites  ;  some  of  the 
la3'ers  argillaceous        432  feet 

Lithostrotion  or  upper  silicious  lime- 
stone, containing  Lithostrotion  can- 
adense        203  feet 

Protean  or  lower  Silurian,  flinty  laj'ers 

and  fetid  limestone        269  feet 

Black  shale 38  feet 

Topography. — As  might  be  inferred  from  the  great  diversity  of 
geological  formations,  the  topographical  features  are  striking,  and 
show  variety  in  an  eminent  degree.  There  are  rugged  heights,  roll- 
ing plains,  level  plateaus,  rocky  gorges,  deep  sunk  valleys  and 
coves,  sheltered  between  the  massive  walls  of  towering  hills.  The 
Cumberland  table-land  has  scalloped  edges,  displaying  very  ragged 
contours,  steep  escarpments,  sloping  sides,  roughened  by  shapeless 
boulders.  The  sides  of  the  mountain  are  furrowed  by  many  a 
stream.  Chasms,  great  and  terrible,  profound  in  their  depths, 
and  striking  in  their  suddenness,  form  one  of  the  principal  feat- 
ures of  the  western  mountain  side  ;  spurs  shoot  out  for  many  a 
mile  into  lower  plains.  Many  of  these  are  dissected  by  transverse 
gorges,  leaving  isolated  peaks   nearl}'  or  quite   as  high   as   the 
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Ciimberlaiiil  niountaiii  itself.  The  top  of  the  mountain  lias  all 
the  cliaraeteristics  pecnliar  to  this  division  of  the  Slate  ;  that  is  to 
sa}',  level  areas  on  the  sinnnnt,  a  thin  soil  iestin<j^  n[)()n  a  conglom- 
erate sandstone,  fioni  the  crnnibliniiilown  of  wliieh  it  has  been  de- 
riveil,  .scraggy  tiniher,  open  vistas,  freestone  and  ehalyhoate-water. 
Two  or  three  seams  of  good  coal  are  nsually  found  nndei-  the  cap 
of  conglomerate  rocks,  interstratified  with  shales  and  sandstones. 
The  soil  of  the  mountain  is  adapted  to  the  growth  of  apples,  Irish 
potatoes  and  garden  vegetables  generally.  Tlie  land  is  thinly 
>vooded,  the  surface  covered  usually  in  summer  with  u  In.xuriant 
growth  of  native  grasses  and  pea  vines,  and  furnishing  a  large 
amount  of  highway  pasturage.  But  few  inhabitants  are  foimd  here, 
and  this  part  of  the  oil  region  is  almost  as  wiM  as  when  the  Indian 
roamed  in  all  his  fearless  independence  through  its  silent  forests. 

Upon  this  mountain  there  is  ever}^  condition  of  health.  There 
is  a  life-giving  i)roperty  in  the  atmosphere  that  imparts  elasticit}' 
to  the  frame,  giving  jo}'  to  the  heart  and  animation  to  the  soul. 
The  mind  and  body  receive  a  new  vitality  bj'  being  bathed  in 
this  pure  mountain  air,  which  produces  an  exhilaration  of  spirits 
beyond  that  of  drugs.  Consumption  never  occurs  here.  The 
time  is  not  now  but  it  will  come  when  the  edges  of  this  mountain 
will  be  covered  with  the  palaces  of  the  rich  and  the  cottages  of  the 
poor,  who  will  come  to  enjoy  the  perpetual  delight  of  breathing  the 
mountain  air. 

The  main  features  of  the  oil  belt  are  easily  described.  It  ma}' 
be  represented  by  a  nearly'  level  plain,  cut  from  northeast  to  south- 
west b}'  a  valley  half  a  mile  wide,  and  four  hundred  feet  deep. 
This  is  the  valley  of  the  Cumberland  river.  Opening  into  the 
Cumberland  valley  on  the  eastern  side  is  the  long  winding  valley 
of  Obeys  river,  with  a  general  direction  from  east  to  west.  A 
number  of  smaller  streams,  with  valleys  of  their  own  extending 
outward  at  nearly  right  angles  to  the  river,  with  their  ramilications, 
cut  up  this  plain  into  innumerable  winding  spurs  pointing  to  the 
river  like  the  bent  or  zigzagged  teeth  of  a  saw.  These  ramifications 
run  back  among  the  highlands,  gently  rising  toward  their  head. 
These  valleys  are  always  skirted  by  hills  ranging  from  one  hundred 
to  four  hundred  feet  in  height.  Man}'  of  the  creeks  are  short  and 
inclosed  always  b}'  high  bordering  ridges.  So  numerous  are  these 
breaks  that  some  have  doubted  that  they  have  been  produced  by 
erosion,  and  think  that  they  mark  the  course  of  the  great  cracks 
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formed  in  tlio  underlying  rocks  as  tliev  were  hardening  or  slirink- 
ing,  or  yielding  to  tiie  forces  of  subsidence  and  upheavals  during 
the  unstable  period  of  geological  eras.  With  this  opinion  I  cannot 
agree.  The  rocks  are  approximately  horizontal.  A  few  gentle 
curves  in  the  strata  are  met  with  here  and  there,  forming  long  an- 
ticlinals  and  synclinals,  but  at  no  [)lacc  do  these  depressions  cor- 
respond with  the  profoundly  eroded  surface.  Indeed,  it  often 
occuis  that  no  distuil)ance  of  strata  is  exhibited  where  the  gorges 
are  deepest.  At  some  few  places  there  are  signs  of  disturbance. 
Near  the  mouth  of  Ashburn  creek  the  strata  all  dip  northeasterly, 
at  an  angle  of  some  five  degrees,  and  fissures  appear  in  the  Nash- 
ville limestone,  from  which  petroleum  issues. 

Oil  Spuings  and  Wells. —  Having  given  the  general  geolog- 
ical features  and  topographical  outlines  of  the  central  oil  region, 
it  remains  to  give  a  few  general  facts  in  reference  to  the  oil-wells 
which  have  been  bored  and  the  oil-springs  which  are  found  in  num- 
erous localities  in  this  oil  region.  On  Spring  creek  the  productive 
wells  were  sunk  near  the  eastern  niargin  of  that  stream,  in  a  low, 
flat  place,  inclined  to  be  swampy.  An  expanse  of  rolling  land 
spreads  out  eastwardly  for  about  three  miles.  On  the  southeast 
and  northeast,  spurs  rise  to  the  height  of  one  hundred  feet  or  more, 
showing  on  their  sides  thick  ledges  of  the  St.  Louis  limestone. 
Be3-ond  these  spurs,  on  the  east,  the  gra}-  outlines  of  the  Cumber- 
land table-land  ap[)ear.  giving  grandeur  and  beauty  to  the  scene. 
This  oil-valley  is  thiee  and  a  half  miles  long  1)\'  three-quarters  of 
a  mile  wide.  Its  elevation  above  the  sea  is  about  nine  hundred 
and  sixt\-  feet.  All  the  wells  bored  at  this  place  were  commenced 
about  one  hundred  and  seventy-flve  feet  above  the  black  shale. 
The  following  is  a  section  of  the  Jackson  well,  the  deepest  one 
bored  in  the  valle}- : 

Alluvial  soil 7  to  9  feet. 

Flinty  limestone        165  feet. 

Black  shale 35  feet. 

Nashville  rocks 293  feet. 


Total        530  feet. 

Eleven  wells  were  bored  within  an  area  of  150  feet.     Oil  was 
found  in  two  or  more  zones,  one  at  from  19  to  26  feet  below  the 
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surface,  and  the  oilier  (l)v  far  llie  most  productive  zone),  from  51 
tt)  Gy  feet.  rrol)alily  2O,0UU  barrels  of  oil  (loweil  from  two  wi-lls, 
some  others  yielding  a  less  quantity.  Tiie  following  is  a.  brief 
record  of  the  wells  :  Newman  well,  at  20  feet,  2(1UU  iiarrels  ;  at  51 
A'et  7  inches,  an  immense  flow — supposed  to  be  many  thousand 
bant'ls.  .Inckson  well,  no  oil  ;  sunk  530  feet.  Douglass  well,  at 
22  feet,  40  bairi'ls  per  day;  supply  shut  off  when  Iho  iiig  strike 
was  made  in  Newman  well  ;  at  GO  feet  H  inches  110  barrels  per 
dav  were  alterward  taken  out  with  strong  salt  water.  Iloosier 
well,  at  52  feet  G  inches  3(J  barrels  per  day  ;   at  69  feet  8  inches 


SECTION  OF  TIIK  IIOOSIKU  WKLL,  NO.   1,  SPRING  CREEK. 
Surface. 

3    Rand 

r-    Sulphur  Water. 


>   ~ 


Oil  (  revice,  flowed  30  barrels  por  day. 


"}■'    Oil  flowed  110  barrels  per  day  over  three  years.  <■  '^^ 

O 


~    Oil  flows.     Black  shale  85  feet  thick. 


2.    Cincinnati  or  Nasliville,  Tenn. 


Bottom  of  well  —  immense  gas  vein. 


110  barrels  per  day  for  over  three  years.  Iloosier  well  No.  2, 
at  55;!^  feet,  25  barrels  per  day.  Iloosier  well  No.  3,  at  53^  feet, 
160  barrels  oil  per  day.  Five  other  wells  were  bored  without 
striking  oil.  Out  of  the  eleven  wells  bored,  five  were  i)roductive 
and  six  were  dry  holes. 

Three  facts  stand  out  quite  prominently  in  the  records  of  the 
borings  on  Spring  creek:  First,  the  area  of  the  oil  was  ver\' 
limited.     Second,  all  the  oil  was  obtained   from  the  crevices  or 
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cavities  of  a  hard  silicious  rock  one  hundred  and  twelve  to  one 
hunched  and  fifty-five  feet  above  the  black  shale.  Third,  the 
subterraneous  crevices  or  caverns  had  for  the  most  part  no  con- 
nection with  one  another,  but  were  distinct,  each  one  holdino-  its 
treasured  sniipl}-  of  oil,  and  oftentimes  occurring  one  immediately 
above  the  other. 

Passing  now  in  a  northerly  direction  through  Livingston  and 
beyond  some  ten  miles,  on  the  waters  of  West  Fork,  we  enter 
upon  an  oil  region  only  known  by  its  leakage.  The  West  Fork 
hews  its  way  down  tinough  the  St.  Louis  limestone,  Waverly 
sandstone  and  Keokuk  shales.  The  blulTs  rise  for  the  most  part 
abruptly  from  the  water's  edge,  with  occasionally'^  narrow  strips  of 
bottom-land.  The  stream  is  one  of  great  rapidity.  Koger's  farm, 
upon  which  the  oil  indications  are  most  numerous,  is  within  four 
miles  of  the  mouth  of  West  Fork.  The  bluffs  on  the  river  show  a 
succession  of  wrinkles,  and  ilie  limestones  are  soft  and  much  eroded 
by  atmospheric  and  pluvial  agencies.  The  hills  are  oftentimes 
sloping  and  covered  by  a  coating  of  unctuous  clay.  The  followin<y 
section  was  taken  on  the  east  side  of  the  stream,  just  above  where 
the  oil  indications  are  most  numerous : 

SECTIOX    AT   koger's  FARM   ON   WEST   FORK. 

On  high  points  above,  back  from  the  stream, 

sandstone,  fine-grained  and  buff  colored       .  20  feet. 

Buff  colored  sandy  limestone         .....  6  feet. 

Graj-  crystalline  limestone        79  feet. 

Calcareous  shales,  blue  and  gray       ....  37  feet. 

Thin  beds  of  bluish  and  buff  colored  lime- 
stones, inclined  to  be  shaly  —  some  few  sandy 

layers 113  feet. 

Sand  and  alluvium 6  feet. 

Tliis  last  is  a  small  bottom  about  115  feet  wide  running  up 
and  down  the  stream.  The  sands  of  this  bottom  are  thoroughly 
saturated  with  oil.  By  sinking  a  hole  anywhere  in  this  small 
strip,  or  in  the  bed  of  the  stream,  petroleum  rises  to  the  surface  in 
brownish  or  bluish  disks,  which  float  away  on  the  surface  of  the 
stream.  The  bluish  disks  are  beautiful  in  their  iridescence,  dis- 
playing in  the  light  all  the  colors  of  the  rainbow.     At  this  place 
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many  pallona  may  bo  collect e(l  in  a  day.  The  oil-saturated  sand 
extends  for  the  distance  of  one  hundred  j-ards  or  more. 

On  the  east  side  of  the  stream,  after  ascending  Uie  hhilT,  there  is 
a  level  iilatcau  extending  two  miles  or  more  eastward,  in  the  direc- 
tion of  East  Fork.  The  ridge  spoken  of  is  made  of  moinitain 
limestone,  cap()od  by  the  lower  sandstone  of  the  coal  measures. 
At  a  point  a  little  above  the  Koger  farm,  where  the  Livingston 
and  Jameston  njad  crosses  West  Fork,  oil  occasionally  oozes  out 
from  the  liank  of  the  stream,  and  just  below  are  several  places 
"where  salt  water  comes  from  the  blutfs  leaving  a  salty  incrustation 
upon  the  face  of  the  rock.  Half  a  mile  below  the  Koger  farm  a 
saw-mill  stands  upon  a  short  tributary  stream,  a  few  yards  from 
West  Fork.  In  blasting  out  rock,  oil  was  found  in  the  pores  and 
crevices  of  the  rocks.  Still  lower  down  the  stream,  and  one  mile 
above  its  union  with  East  Fork,  the  mass  of  slimy  nmd  in  the 
stream  is  thoroughly  saturated  with  petroleum.  By  jjushing  a 
stick  down  in  this  mud  gas  and  petroleum  ascend  to  the  surface 
from  the  spongy  mass.  The  very  atmosphere  at  this  place  is  red- 
olent of  petroleum,  and  one  can  scarcely  touch  the  earth  for  a 
space  of  several  hun(bed  feet,  without  having  his  olfactories  of- 
fended by  the  odor  of  the  oil.  The  formations  here  agree  precisely 
with  those  at  the  Koger  farm.  The  Waverl^-  sandstone  ai)pears 
on  the  heights  above  in  some  greater  thickness,  and  one  layer  of 
sandstone  a  foot  thick  is  found  interstratified  with  the  Keokuk 
slates,  which  here  take  the  place  of  the  silicious  rocks. 

Just  below  the  junction  of  East  and  West  Forks,  about  three- 
quarters  of  a  mile,  a  stream  of  oil  comes  out  of  the  bed  of  OI)eys 
river.  This  is  on  the  land  of  James  Lacey.  When  the  water  is 
low,  the  sand  taken  from  this  place  is  so  saturated  with  oil  as  to 
make  a  bright  flame.  At  Goose  Neck  Bend,  up  East  Fork  three 
miles  above  its  junction  with  West  Fork,  there  is  an  oil  spring,  and 
several  more  are  reported  to  exist  higher  up  the  stream.  One- 
half  mile  below  Lacey's  another  spring  breaks  out  near  the  centre 
of  Obey's  river  ;  the  oil  has  been  seen  here  for  fift}'  j-ears.  Three 
miles  farther  down,  near  the  mouth  of  Franklin  creek,  oil  is  seen 
coming  out  of  the  bed  of  the  river,  immediately  under  a  bluff  three 
hundred  feet  high.  The  oil  oozes  out  beneath  thirty  feet  of  black 
shale.  The  rocks  above  the  shale  at  this  point  are  filled  with  sili- 
cious crinoidal  stems  in  such  abundance  as  almost  to  make  up 
the  mass.     The  oil  here  is  lighter  than  that  on  West  Fork  and 
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plays  in  its  rainbow-hued  disks  upon  the  surface  of  the  water. 
Between  the  mouth  of  Franklin  creek  and  Lacey's  farm  the  river  cuts 
through  the  black  shales.  Franklin  creek  is  in  Fentress  county, 
and  runs  west,  emi)tying  into  Obeys  river.  It  is  about  thi't^e 
miles  long.  One  mile  above  its  mouth  there  is  a  gravelly  bar, 
which  is  steeped  in  petroleum.  The  pebbles  look  as  though  they 
had  been  innnersed  or  boiled  in  petroleum.  Tiie  oil  is  above  tiie 
black  sliale.  The  ascent  from  the  mouth  of  the  creek  to  this  place 
is  fifty  feet,  or  more.  There  are  several  long  sags  in  the  strata 
here,  and  greenish  and  bluish  shales  are  seen  in  the  overlooking 
bluff.  This  oil-seep  is  near  the  ragged  edge  of  the  Cuuiberland 
mountain.  Near  the  mouth  of  Eagle  creek  there  are  many  in- 
dications of  oil.  Seeps  occur  at  intervals  from  its  mouth  for  six 
or  eight  miles  up  the  stream.  Eagle  creek  rises  five  miles  north 
of  Livingston,  flovvs  north  and  northwest,  and  enters  Obe3's  river, 
seven  or  eight  miles  below  the  mouth  of  West  Fork.  Its  entire 
length,  in  a  straight  line,  is  al)out  ten  or  twelve  miles.  On  Tram- 
mell's  creek,  in  Suuiner  count}-,  oil  was  found  at  the  depth  of  thirty- 
feet  in  the  black  shale.  It  was  a  very  heavy  lubricating  oil.  In 
Dickson  county,  west  of  Nashville,  oil  has  been  found  in  the 
Nashville  rocks  at  the  depth  of  five  hundred  and  forty-two  feet. 

The  following  conclusions  maj^  be  deduced  from  the  facts  pre- 
sented. First,  that  the  petroleum  in  Tennessee  is  not  confined  to 
any  particular  formation,  but  finds  its  storage  in  the  crevices  of 
the  silicious  rocks  of  the  lower  Carl)oniferous,  as  on  Spring  creek  ; 
in  the  black  shale,  as  on  Trammell's  creek  ;  in  the  Nashville  rocks, 
as  on  Eagle  creek,  at  Butler's  landing,  and  in  Dickson  county, 
w-est  of  Nashville.  The  springs  or  natural  outlets  show  a  similar 
range  of  formations.  At  Spring  creek  oil  exudes  from  the  alluvial 
deposits  lying  above  the  lower  member  of  the  silicious  group  ;  on 
Roger's  farm,  on  the  "West  Fork  from  alluvium,  based  upon  layers 
of  shaly  limestone  ;  on  Eagle  creek  and  Franklin  creek,  from  flu- 
viatile  deposits,  resting  on  the  black  shale  ;  on  Obe3-s  river,  just 
below  the  mouth  of  Franklin  creek,  from  beneath  the  black  shale, 
and  at  numerous  places  from  this  point  down  to  the  mouth  of  the 
river,  oil  bubbles  up  from  the  Nashville  rocks.  Second,  the  condi- 
tions of  storage  in  the  Tennessee  oil  region  are  not  so  favorable 
for  the  preservation  of  petroleum  as  they  are  in  the  oil  region  of 
Pennsylvania.  In  Tennessee  the  oil  finds  a  lodgement  only  in  the 
crevices  of  rocks  lying  above  or  below  the  black  shale,  rarely  in 
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the  black  shale.  The  wells  will  probably  be  quickly  exhausted. 
There  is  wanting  a  porous,  absorptive  sandstone,  surrounded  by 
an  iin[)ervious  formation  to  prevent  leakage.  The  unusual  number 
of  oil  springs  shows  that  nature  has  not  provided  sufficient  storage 
for  her  i)recious  products.  The  remains  of  organic  life,  animal 
and  vegetable,  disseminated  through  argillaceous  material,  consti- 
tute in  abundance  the  elements  necessary  for  generating  petroleum, 
but  the  provisions  to  prevent  waste  are  inadequate.  Owing  to 
the  absence  of  a  porous  sandstone  the  oil  supply  in  Tennessee,  as 
has  l)een  stated,  is  collected  in  Assures,  or  cavities,  which  are  soon 
emptied.  There  will  probably  be  proportionally  more  wells  known 
as  "spouters"  in  the  Tennessee  than  in  the  Pennsylvania  oil  region 
and  fewer  dural)le  wells.  In  the  "spouters"  the  oil  is  forced  up 
above  the  surface  by  gas-pressure. 

THREE    CONDITIONS    ARE    NECESSARY  ANTECEDENTS   TO    A    PRODUCTIVE 

OIL  REGION. 

jTirst — There  must  be  the  elements  for  generating  oil  or  a 
mother-rock. 

Second  —  There  must  be  an  ample  store-house,  provided  either 
in  the  interstices  of  a  porous  sandstone,  which  is  best,  or  in  cavi- 
ties in  limestone,  or  fissures  in  or  between  other  strata. 

Third — These  store-houses  must  be  sealed  up  in  an  impervious 
formation,  but  this  impervious  surrounding  must  include  both  the 
mother  or  generating-rocks,  and  the  storage  rocks,  and  not  come 
between  them. 

Petroleum  may  be  generated  and  lost  for  want  of  a  suitable 
reservoir  to  collect  and  preserve  it ;  or  there  may  be  a  reservoir, 
but  no  elements  existing  for  its  generation  ;  or  there  may  be  both 
of  these,  but  the  want  of  an  impervious  surrounding  may  permit 
the  oil  to  dribble  away  as  fast  as  formed.  All  these  conditions 
must  coexist  or  a  productive  oil-field  is  impossible. 

The  most  difficult  problem  to  solve  is  how  the  oil  is  generated, 
or  whence  that  comes  which  is  found  in  the  cavities  of  a  hard, 
impervious,  flinty  rock,  which  shows  no  remains  of  organic  life. 
But  one  solution  presents  itself  to  my  mind,  and  that  is,  the  place 
now  occupied  by  these  cavities  may  have  been  filled  with  drifted 
organic  matter,  which  has  been  transmuted  into  petroleum  in 
Nature's  lampless  observatory. 
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Geology  of  the  Kegion  about  the  IIead-wateus  "of  the 
Androscoggin  Kiveu,  Maine.  By  J.  H.  Huntington,  of 
Hanover,  N.  11. 

[abstract.] 

The  speaker  referred  to  some  peculiarities  in  the  topograph}-  of 
the  region  and  to  those  who  had  written  in  regard  to  the  geology 
of  northwestern  Maine. 

The  rocks  of  the  area  described  are  referred  to  the  following 
formations. 

I.    Stratified  Groups. 
liEurentian. 
Gneiss. 
Gneiss,  containing  limestone. 

Huronian. 
White  Mountain  gneisses  and  schists. 
Mica  schists  with  staurolite. 
Chloritic  and  whitish  argillitic  mica  schists. 
Sandstone  schists. 
Diahiise. 

Diorite  with  serpentine. 
Argillitic  mica  schist  with  staurolite. 
Rangely  conglomerates. 

Palaeozoic. 

Wrinkled  argillaceous  schists,  with  hard  micaceous  bands. 

Slaty  conglomerates. 

Calcareous  sandstone  with  fossils. 

Cenozoic. 
Glacial  drift. 
Modified  drift,  including  kames,  etc. 

II.  Eruptive  Rocks. 

Granite  (Conway). 

Diorite  (micaceous  and  garnetiferous) . 

Felsite. 

Laurentian. 
Gneiss.     The  area  of  gneiss  is  very  small  and  it  was  seen  only 
on  the  boundary  at  the  head-waters  of  the  northwest  branches  of 
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the  Kennel):igo  river.  It  is  a  fine-grained  rock  and  the  outcrops 
are  so  fo^v  that  the  dip  coidd  not  be  well  determined.  As  an  in- 
trusive granite  and  a  fine-grained  diorite  were  the  only  rocks  seen 
in  the  vicinity,  its  stratigraphical  relations  have  not  been  satisfac- 
torily determined,  hut  its  resemblance  to  the  Laurentian  gneiss  in 
the  vicinity  of  the  chain  of  lakes  to  the  iiortlieast,  makes  it  alto- 
gether pr()l)altle  that  it  is  a  part  of  the  Upper  Laurentian. 

Gneiss  icith  limestone.  Approaching  the  Lake  region  from  the 
east,  at  the  village  of  Phillips,  we  find  an  intrusive  granite,  which 
is  somewhat  coarser  tlian  the  common  Concord  granite  ;  it  extends 
a  mile  east  of  the  village.  On  Sand^'  river,  where  the  road  crosses 
the  river  for  the  first  time  above  Phillips,  we  find  the  intrusive 
character  of  the  rock  clearl}'  shown,  as  here  great  masses  of  schist 
have  l)ecn  caught  in  it,  and  elsewhere  the  granite  appears  only 
as  vein-stones  in  the  schist.  About  two  miles  above  the  village, 
on  the  north  side  of  the  river,  there  is  a  fine-grained  micaceous 
gneiss  that  has  intercalated  beds  of  a  dark  limestone,  so  pure 
that  at  some  time  it  has  been  burned  for  lime.  The  whole  breadth 
of  the  countr}'  occupied  by  this  gneiss  does  not  here  exceed  a  mile, 
the  strata  are  very  irregular  in  strike  and  have  an  inclination  of  30° 
to  oO°. 

Huronian. 

White  Mountain  gneiss  and  schists.  These  rocks,  which  belong 
to  the  Montalban  series  of  the  New  Hampshire  Geological  Surve}*, 
are  found  northwest  of  the  outlet  of  Mooselucmaguntic  lake. 

The  strata  here  have  nearly  an  east  and  west  strike  and  are 
vertical,  but  this  is  probaljly  due  to  a  great  mass  of  intrusive 
granite  between  this  and  the  river  that  joins  the  lakes  on  the  south. 

The  lithological  character  of  the  rock  is  similar  in  every  respect 
to  the  rocks  found  in  the  vicinity  of  Mount  Washington,  and  it  is 
probably  a  continuation  northward  of  the  rocks  so  extensively  de- 
veloped along  the  Androscoggin  river  in  Gorham,  N.  H.,  and  east- 
ward. This  is  near  the  northern  limit  of  these  rocks  in  the  area 
we  have  studied. 

Mica  schists  with  stauroUte.  South  of  Mooselucmaguntic  lake  in 
townships  D  and  E,  and  extensively  developed  in  the  town  of 
Bryon,  there  is  a  series  of  rocks  consisting  of  fine-grained  thick- 
bedded  mica  schists  that  carry  staurolite.  These  schists,  wherever 
observations  were  made,  have  a  dip  almost  directl}'  north,  and  the 
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inclination  docs  not  usually  exceed  45°,  especially  northward. 
From  the  south  they  follow  direclly  on  the  White  jMouulain 
gneisses. 

Chloritic  and  tchitish  argillitic  mica  schists.  North  of  the  rocks 
last  mentioned  and  east  of  the  White  Mountain  gneiss,  near  the 
northern  part  of  Mooselucmaguntic  lake  and  extending  east  beyond 
the  outlet  of  Rangcly,  there  is  a  series  of  rocks  consisting  chiefly 
of  chloritic  and  whitish  argillitic  schists.  They  arc  noticeable  on 
account  of  their  nnconformabilitj'  with  the  rocks  east  and  south, 
and  the  abundance  of  quartz  which  the}'  contain,  and  which  lies  in 
the  line  of  the  stratification.  This  rock  forms  ledges  at  Fiye's 
Camp,  at  Houghton's  Camp,  and  on  the  ridge  iuimediatel}'  south, 
of  the  Mountain  View  House  at  the  outlet  of  Rangel}*  lake. 

Bald  Mountain,  an  isolated  peak  between  Rangel}'  and  Moose- 
lucniaguntic  Lakes,  though  chiefl}'  granite  south  of  the  ridge  just 
mentioned,  has  upon  its  very  summit  a  great  mass  of  this  schist 
which  was  caught  in  the  granite. 

Indian  Rock  at  the  mouth  of  Keiinebago  river  and  famed  in  the 
annals  of  lishernien,  is  a  wonderfully  contoited  argillite,  and  ma}' 
possibly  belong  to  a  different  series  of  rocks.  The  hill  immedi- 
ately north  of  Cui)suptic  lake  is  a  light  gray  argillitic  schist,  the 
strata  are  neaily  everywhere  vertical  and  the  strike  is  N.  40°  K. 

Northward  along  the  Cupsuptie  river  there  is  no  outcrop  of  rocks 
for  several  miles,  but  at  the  Falls  of  the  Cupsuptie,  a  rock  similar 
to  the  last  is  found.  It  differs  from  it  in  being  of  a  darker  color, 
is  somewhat  more  silicious  and  weathers  with  a  pitted  surface  near 
where  it  conies  in  contact  with  an  intrusive  granite.  Having  seen 
a  similar  change  elsewhere  in  the  same  kind  of  rook,  under  the 
same  circumstances,  it  is  more  than  probable  that  the  granite  was 
in  some  measure  the  cause  of  the  change. 

Sandstone  schist.  Three  miles  north  of  Kennebago  lake,  on  the 
Kennebago  river,  we  find  a  sandstone  schist,  though  it  often  re- 
sembles a  mica  schist;  yet  nearly  everywhere  there  is  no  doubt  as 
to  the  character  of  the  rock,  and  in  some  localities  the  fragments 
of  which  it  is  comi)Osed  are  a  quarter  of  an  inch  in  diameter,  and 
very  distinct,  es[)ecially  upon  the  weathered  surface  of  the  rock. 
Elsewhere  it  has  been  greatly  changed,  and  in  some  localities  we 
find  crystals  of  feldspar  that  have  been  produced  since  the  sedi- 
mentation of  the  rock.  This  sandstone  extends  northward  some 
eight  miles  along  the  Kennebago  river.     On  the  mountain  ridge 


280  GEOLOGY    OK    NOKTH WKSTKKN    MAINK  ; 

iioitli  of  Konnc'haiio  lake  where  tlie  saiidstoiK'  lirst  appears,  the 
strata  are  nearly  vertical  and  the  stiike  is  N.  70^  K.,  but  alonji;  the 
river  the  strike  is  more  northerly.  South  of  this  great  area  of 
rock  we  have  red  and  lij^ht  lijray  argillites,  and  on  the  north  we 
have  diorite  with  serpentine. 

Tills  sandstone  schist  is  the  rock  on  the  boundary  at  the  head- 
waters of  the  Cupsni)tic  river,  and  it  extends  at  least  three  miles 
southward  along  that  stream,  and  the  same  rock  outcrops  on  the 
Mugalloway  at  Little  Boy's  Falls  north  of  Perraachene  lake,  so  that 
the  area  of  this  rock  is  exceedingly  irregular  in  outline. 

Northwest  of  Kennebago  lake  and  extending  south  below  tiie 
Falls  on  the  Kennebago  river,  there  is  an  area  of  light  gray,  dark 
purple  and  red  argillites.  The  strata  are  vertical  where  observa- 
tions have  been  taken,  and  there  are  sudden  changes  from  one  vari- 
ety to  the  other.  These  argillites  are  probably  the  finer  sedin)ents 
derived  from  the  great  mass  of  material  from  which  the  sandstone 
schists  were  formed. 

Diabase  and  diorite  with  seijjentine.  Diabase  occupies  an  area 
on  the  Kennebago  river;  the  most  northern  outcrop  is  about  a 
mile  from  its  mouth  and  it  extends  a  mile  and  a  half  northward 
along  the  river  and  eastward  towards  Quimb}'  pond.  It  is  not 
altogether  certain  that  this  is  a  metamorphic  rock,  and  if  only  the 
southern  outcrop  had  been  seen,  and  the  rock  had  been  studied 
only  in  the  field,  we  could  have  reached  no  other  conclusion  but 
that  it  was  intrusive,  yet  other  outcrops  strongly  indicate  that  the 
rock  is  stratified. 

At  the  head  of  one  of  the  northwest  branches  of  the  Kennebago, 
which  rises  near  the  point  where  the  boundary  extends  farthest  south- 
ward, there  is  a  fine-grained,  greenish  rock,  which  would  probably 
be  distinguished  as  melaphyre  by  the  German  Geologist.  The 
area  is  limited  here,  but  there  are  extensive  outcrops  on  the 
boundar^^  of  New  Hampshire,  the  summit  of  Mt.  Camel  being  com- 
posed of  a  similar  rock.  The  metamorphic  diorite  is  one  of  the 
most  interesting  rocks  found  in  this  section  of  Maine.  It  outcrops 
on  the  Kennebago  about  twelve  miles  north  of  Kennebago  lake. 
Very  few  ledges  are  seen  ;  the  boulders,  however,  are  largeand  very 
numerous.  But  what  is  most  important,  it  is  undoubtedly  the 
rock,  the  metamoiphism  of  which  has  produced  the  serpentine  which 
is  also  abundant  here. 

The  boulders  of  serpentine   are  first  found   in  great  numbers 
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about  ten  miles  north  of  Kemiebago  hike.  They  are  enormous 
in  size,  sometimes  thirty  or  forty  I'eet  in  length,  ami  with  these 
there  are  boulders  of  diorite  of  nearly  the  same  dimensions.  But 
where  the  ledges  appear  the  diorite  evidently  passes  into  scriienline, 

AryUUlIc  mica  schist  icith  staurolite.  West  of  the  gneiss,  con- 
taining limestone  in  Phillips,  we  have  a  mica  schist  which  westward 
in  Madrid  becomes  quite  argillaceous,  and  then  again  in  the  south- 
west corner  of  Madrid  and  in  Sandy  River  Plantation,  and  west 
as  far  as  Kangely  lake,  this  rock  has  more  the  characteristic  of  a 
typical  mica  schist.  The  strata  are  everywhere  vertical  or  nearly 
so,  and  often  there  are  beautiful  cr3'stals  of  staurolite. 

One  of  the  finest  outcrops  with  these  crystals  is  at  a  school-house 
north  of  Sandy  river,  three  and  a  half  miles  west  of  Madrid  vil- 
lage. In  the  river  below  the  dam  at  Madrid  village  there  is  fine- 
grained, thick-bedded  mica  schist,  that  contains  concretionary 
nodules  of  granite  from  three  inches  to  a  foot  in  length  and  from 
two  to  eight  inches  in  width.  In  the  larger  ones  the  proportional 
width  is  much  less  than  in  the  smaller  one.  Five  rods  below  the 
dam  the  fissile  andalusite  schist  has  essentially  the  same  strike  and 
dip  as  the  compact  mica  schist  above.  Northwest  of  Madrid  vil- 
lage there  is  a  large  area  of  ferruginous  schists  that  probably  be- 
long to  different  series  of  rocks  from  those  we  are  considering. 
In  the  west  part  of  Sandy  River  Plantation,  and  in  the  east  part 
of  Rangel}',  we  have  mica  schist  with  staurolite.  This  schist  is 
extensively-  developed  on  Saddle-back  stream,  which  flows  near 
the  Greenvale  House.  Following  up  this  stream  we  find  for  nearly 
half  a  mile  both  the  schist  and  the  conglomerate,  and  there  is  such 
an  intermingling  of  the  two  that  unless  there  have  been  great 
changes  in  the  rocks  since  they  were  uplifted  to  their  present  posi- 
tion the}'  must  belong  to  the  same  series.  When  the  stream  turns 
and  comes  more  from  the  East,  we  have  the  conglomerate  ;  and 
above,  a  deep  gorge  has  been  cut  in  the  schist  along  the  strike. 
On  the  hill  southeast  of  the  Greenvale  House  where  the  steep 
ascent  begins,  there  is  a  mica  schist  with  staurolite,  and  the  dip  is 
S.  20°  E.  82°.  There  is  a  conglomerate  included  in  this  and  un- 
conformable with  it.  On  the  face  of  the  cliff  it  is  not  more  than 
120  feet  in  width,  but  it  becomes  wider  as  we  ascend  the  hill ;  it  dips 
N.  30°  W.  75°  and  stands  on  the  upturned  edges  of  the  staurolite 
schist,  so  it  is  clear  that  we  have  two  bands  of  conglomerate.  Just 
south  of  the  inlet  of  the  lake  the  schist  and  conglomerate  have 
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tlie  sjiinc  ivlalions  tliat  lliey  do  on  Saddlo-bnck  stroam.  This  scliist 
is  iiKne  e\ti'iisi\cly  ik'velopcd  in  lliis  section  of  Maine  tlian  any 
otiior  rociv,  lot,  willi  some  of  the  White  Monntain  gneisses  and 
schists,  it  occui)ies  the  whole  country  to  the  northwest  as  far  as 
Dead  river  in  Fhigstalf. 

Jiangebj  coucjlomerates.  This  conglomerate  has  given  rise  to 
much  discussion  on  account  of  the  flattening  and  distortion  of 
some  of  the  pebbles  of  which  it  is  composed,  but  its  stratigraphical 
relations  have  received  very  little  attention.  It  is  conlined  to  a 
limited  area  extending  N.  30°  E.  and  S.  30°  W.,  from  the  inlet  of 
Rangely  lake,  and  is  not  far  from  a  mile  in  width,  but  becomes 
narrower  northward,  and  in  the  middle  of  Dallas  Plantation  it  is 
only  a  few  rods  in  width.  In  the  stream  near  the  Greenvale  House 
there  seems  to  be  on  the  weathered  surfaces  a  marked  difference 
between  the  staurolite  schist  and  the  conglomerate,  but  breaking 
the  conglomerate,  every  portion  of  it  except  where  there  are  actu- 
ally pebbles,  resembles  in  all  respects  the  schist,  and  even  the 
staurolite  is  not  wanting.  Going  across  the  stratification  we  find 
places  where  there  are  an  abundance  of  pebbles,  and  then  they 
are  wanting  altogether  or  have  been  so  changed  that  they  are  not 
api)arent.  There  are  fine  outcrops  of  conglomerate  three-quarters 
of  a  mile  from  Greenvale  on  the  road  to  Rangely  and  at  Moxy 
Ledge,  near  the  inlet  of  the  lake  ;  some  of  the  fragments  at  the 
former  locality  are  a  foot  in  diameter.  The  conglomerate  on  its 
northwest  border,  both  north  and  south  of  the  lake,  passes  grad- 
ually into  a  rock  which,  without  a  lens,  cannot  be  distinguished 
from  common  gneiss.  It  seems  more  than  probable  that  this 
conglomerate  was  formed  on  the  shore  of  an  old  pre-Cambrian 
sea. 

Palseozoic. 

Wrbikled  argillaceous  schists  tcith  hard  micaceous  hands.  "West 
of  the  conglomerate  there  is  a  broad  area  of  rocks  consisting 
chiefl}'  of  wrinkled  argillaceous  schists  and  a  few  bard  micaceous 
bands.  It  is  found  on  the  hills  south  of  Rangely  lake,  and  north 
of  the  lake  it  extends  from  where  the  conglomerate  ends  nearly  to 
the  outlet.  In  the  east  part  of  Rangely  it  is  limited  northward 
near  Gull  Pond  by  an  intrusive  diorite,  but  west  it  extends  about 
three  miles  north  of  Quimby  Pond.  This  band  of  rocks  has  one 
characteristic  in  common  with  some  of  the  palieozoic  rocks  in  New 
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Hampshire,  the  veins  of  quartz  hy  which  it  is  penetrated  as  well 
as  those  in  tlie  rocks  immediately  adjoining  it  have  a  decidedly 
foetid  CKlor.  There  is  a  band  of  the  schist  in  the  hill  southeast  of 
Green  vale,  so  it  either  extends  around  the  Kangely  conglomerate 
or  there  is  here  a  repetition  of  the  hand  to  the  west.  The  conglom- 
erate mentioned  as  being  found  on  this  hill  seems  to  be  associated 
with  this  schist  rather  than  with  the  staurolite  schist. 

Lower  Ilelderberg  and  OrlslcanT/.  There  is  quite  a  large  area 
in  the  vicinity  of  Kennebago  lake  that  most  probably  belongs  to 
the  Lower  Ilelderberg  and  Oriskany  ;  from  their  fossils  we  are 
sure  that  some  of  the  rocks  belong  to  these  groups.  The  area  of 
Lower  Helderberg  ami  Oriskany,  in  the  vicinity  of  Parlin  Pond, 
has  been  known  for  many  years,  and  its  limits  on  the  southwest 
have  been  pretty  clearl}-  defined.  The  area  in  Flagstatl'  was 
pointed  out  for  the  first  time  b3'  me  at  the  Portland  meeting  of 
this  Association,  and  this  now  adds  another  to  the  many  areas  of 
these  rocks  ahead}'  discovered. 

Slates.  There  is  a  band  of  argillaceous  rocks  unlike,  in  their 
phj'sical  characteristics,  any  we  have  described,  which  outcrops  on 
both  sides  of  Kennebago  lake.  The  most  southern  outcrop  seen 
is  on  Spotted  Mountain,  south  of  John's  Pond,  the  most  northern 
on  Kennebago  P^ast  Mountain.  The  rock  is  generally  thick- 
bedded,  sometimes  has  the  appearance  of  an  argillaceous  sandstone 
and  is  sometimes  a  little  micaceous,  but  occasionally  the  finest  and 
most  purely  argillaceous  bands  pass  suddenh'  into  a  slate  con- 
glomerate. The  argillaceous  rock  on  the  ridge  between  John's 
Pond  and  the  south  end  of  Kennebago  lake  breaks  up  into  frag- 
ments more  like  shale  than  slate.  The  strike  of  this  rock  is  N. 
40°  W. 

Slate  conglomerate.  The  transition  of  the  slate  into  conglom- 
erate is  so  sudden  that  we  do  not  suspect  its  presence  until  we  see 
the  l)oulders  or  ledges  whei-e  the  change  occurs.  Boulders  of  slate 
conglomerate  are  abundant  on  the  southern  shores  of  Kennebago 
lake  and  outcrops  in  the  vicinity  of  Flatiron  Pond. 

Calcareous  sandstone  with  fossils.  Several  3'ears  ago  Mr.  H.  P. 
Dill  found  boulders  of  fossiliferous  rocks  along  the  river  in  Phillips, 
hence  it  has  been  known  that  fossiliferous  bands  existed  somewhere 
in  this  section.  The  rocks  seen  in  the  vicinity  of  Kennebago  lake 
are  not  the  same  as  the  boulders  of  Phillips,  though  further  explora- 
tion may  show  that  they  are  found  here,  but  it  seems  more  prob- 
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able  that  the  le(l<j;es  whence  the  Phillips  l)oulilers  are  derived 
are  in  some  other  loeulity.  The  I'hillips  boulders  arc  a  pure 
Btiudstone  with  fossils  of  Lower  Ilelderberg  types,  while  here  the 
rock  is  a  calcareous  sandstone  with  some  fossils  that  are  found 
with  the  Oriskauy  in  the  vicinity  of  Parlin  Pond.  Tlie  change, 
however,  does  not  appear  to  be  any  greater  than  it  is  between 
Parlin  Pond  and  ^loose  Kivcr.  It  has  long  been  known  that  the 
line  of  demarcation  between  the  Lower  Ilelderberg  and  Oriskany 
in  Maine,  is  not  so  well  defined  as  it  is  in  New  York.  At  Kenne- 
bago  lake  the  numl)cr  of  species  is  quite  limited,  and  they  can 
scarcel}'  be  tlistinguished  except  upon  the  weathered  edges  of  the 
rocks  where  some  of  them  are  well  brought  out. 

The  fossilifcrous  rocks  here  are  prol)al)Iy  liniited  to  the  area 
north  of  Spotted  Mountain  between  Flatiron  Pond  and  the  bridle 
path. 

Cenozoic. 

Glacial  drift.  The  study  of  drift  in  a  region  entirel}'  covered 
b}'  forests  is  more  difficult  even  than  the  stud^'  of  the  ledges.  In 
the  vicinity  of  Rangely  lake,  however,  wdiere  there  are  farms,  the 
absence  of  stratified  drift  genernll}'  is  very  noticeable.  The  most 
common  Ijouldcrs  in  the  countr}'  about  the  east  end  of  Rangely 
lake  are  diorite,  and  these  are  probabl}'  derived  chiefly  from  the 
numerous  dykes  in  the  western  part  of  the  town  of  Rangely. 
There  are  very  few  l)oulders  except  diorite  on  the  bridle  path  to 
Kennebago,  until  we  get  within  three  miles  of  the  lake,  when  we 
have  those  of  slate  conglomerate,  fossilifcrous,  calcareous  sand- 
stone, and  a  few  granite  boulders. 

About  ten  miles  north  of  Kennebago  lake,  particularly  on  the 
■west  side  of  the  river,  we  find  a  remarkable  collection  of  boulders  ; 
they  consist  of  sandstone  schist,  serpentine  and  diorite,  with  a 
few  granite  boulders,  but  as  we  go  northward  the  granite  boulders 
increase,  and  soon  thej'  begin  to  predominate  and  the  others  dis- 
appear altogether.  Some  of  these  boulders  are  of  enormous  size, 
and  are  probably  derived  from  ledges  in  their  immediate  vicinity. 
There  is  another  great  collection  of  boulders  on  the  Cupsuptic 
river  below  the  gorge  already  referred  to,  and  these  are  derived 
from  the  granite  ridges  on  either  side  of  the  stream,  for  after  we 
pass  the  granite  ridges  these  boulders  disappear.  lOlsewhere  no 
great  collections  of  boulders  were  observed.     The  drift  striae  on 


BY   J.    H.    HUNTINGTON.  285 

Bald  Mountain,  between  Mooselucniaguntlc  and  Rangely  lakes  are 
S.  00°  E.  Near  Rangel}',  on  the  south  side,  and  near  tlie  inlet  S. 
35°  E.  and  on  the  high  land  southeast  of  Dodge  Pond  S.  65°  E.,  the 
striie  are  in  the  direction  of  Saddle-back  Mountain. 

Modified  drifls,  kames,  etc.  A  few  gravel  ritlges  in  the  west 
part  of  Dallas  Plantation,  were  the  only  gravel  deposits  resembling 
kaines  that  were  seen  in  the  vicinity  of  Rangely  lake.  On  the 
lower  part  of  the  Kennebago  river,  there  are  some  well  marked 
kames,  and  tlveir  absence  is  also  noted  on  the  river  until  we  get 
about  ten  miles  north  of  Kennebago  lake,  where  there  are  some 
well  marked  ridges,  but  these  do  not  extend  more  than  two  miles. 
On  the  Cupsuptic  river,  there  is  an  almost  entire  absence  of  kames, 
as  in  the  other  regions  that  were  traversed,  but  on  the  lower  part 
of  the  Cupsuptic  for  six  or  eight  miles  there  are  sand  and  gravel 
plains  extending  some  distance  from  the  river.  These  sand  plains 
are  characteristic  also  of  the  Magallowav,  but  as  far  as  our  obser- 
vation goes  they  are  wanting  on  the  Kennebago. 

ERUPTIVE    ROCKS. 

Granite.  On  the  northwest  branch  of  the  Kennebago  river  near 
its  source,  there  is  a  band  of  granite  probably  two  miles  wide. 
It  is  a  typical  variety,  consisting  of  quartz,  feldspar  and  mica  ia 
more  nearly  equal  proportions  than  we  often  find  them.  There 
are,  however,  two  kinds  of  feldspar  which  is  not  veiy  common 
in  the  coarser  varieties  of  the  New  England  granites.  On  the  Cup- 
suptic river  in  No.  4,  R.  4,  we  find  a  similar  kind  of  granite  that 
extends  north  and  south  nearly  through  the  entire  range.  South- 
west in  No.  5,  R.  1  and  2,  there  are  large  areas  of  granite,  but  it3 
greatest  development  we  find  on  Observatory  and  Aziscohos  moun- 
tains, and  there  is  quite  an  extensive  outcrop  in  No.  4,  R  1,  on  the 
southwest  side  of  a  hill  northwest  of  Upper  Dam.  The  top  of 
Bald  Mountain  between  Rangely  and  Mooselucmaguntic  lakes,  ex- 
cept its  very  summit,  is  composed  of  this  same  coarse  granite  ;  the 
way  in  which  the  schist  is  caught  shows  better  the  intrusive  char- 
acter of  the  Couwa}-  granite  than  any  other  example  we  have  seen. 

The  figure  here  inserted  shows  clearl}'  this  feature.  To  the  left, 
on  the  border  of  the  lake  (a)  we  have  the  schist  (6)  with  an 
easterly  dip,  and  as  we  ascend  the  mountain  the  granite  (c)  sud 
denly  appears  and  extends  almost  to  the  very  summit  which  is 
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crowiifd  ;vitli  tli<'  same  kind  of  schist  (<)  us  lliat  :it  the  hjisc  ;  but 
in  it  is  a  wi'll-tU-lini'd  IkuuI  of  granite  ((/)  about  six  feet  wide, 
cutting;  it  so  sharply,  that  the  dip  is  essentially  the  same  near  the 
band  as  that  of  tiie  mass  on  either  side. 


e    d 


BALI)    MOUNTAIN. 

Southeast  of  Moosehicniaguntic  lake,  in  (ownship  D,  on  the 
head-waters  of  Swift  river,  there  is  a  band  of  granite,  but  of  a 
finer  variety  than  those  found  northward. 

Diorile.  The  most  extensive  outcrop  of  intrusive  diorite,  found 
in  New  England,  has  its  southern  limit  near  Gull  pond,  and  out- 
crops are  found  for  more  than  four  miles  northward.  Southeast 
of  Kennebago  lake  it  forms  a  sharp  mountain  ridge  which  rises 
more  than  six  hundred  feet  above  the  lake.  The  rock  is  geneiall}' 
a  mica-diorite,  and  it  often  contains  garnets.  On  the  southern 
limit  of  this  diorite  there  are  fragments  of  schist,  and  it  probably 
also  penetrates  the  palaeozoic  strata  in  the  vicinity-  of  Kennebago 
lake.  There  are  many  d^'kos  of  diorite  in  Rangely  immediately 
north  of  the  lake,  and  the  rock  resembles  the  great  outcrop  north- 
ward except  that  there  is  more   hornblende  and   fewer  garnets. 

Felsite.  The  summit  of  the  diorite  ridge,  southeast  of  Kennebago 
lake,  is  chiefly  a  compact  feldspar,  and  one  variety  contains  a  few 
garnets  and  a  little  mica  ;  this  forms  great  cliffs  near  the  summit 
of  the  ridge. 

In  determining  the  stratigraphical  relations  of  the  rocks  of  this 
region,  where  the  sequence  was  not  apparent,  I  have  correlated  the 
strata  with  those  determined  by  the  Geological  Survey  of  New 
Hampshire. 
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On   the   Annual   Deposit  of  tue  ^Iissouri  River   during  the 
Post-pliocene.         By  J.  E.  Todd,  of  Tabor,  Iowa. 

[AnSTRACT.] 

Dlt.ing  the  Alluvial  epoch  of  the  Chaniplaiii  period  the  Mis- 
souri was  an  ''iinfinished  river,"  probably  like  the  present  St. 
Lawrence,  consisting  of  a  chain  of  fresh-water  lakes.  One  of 
these  lakes,  occupying  thousands  of  square  miles  of  Iowa  and 
Nebraska,  at  first  ma}-  have  been  over  300  feet  deep,  in  limited 
areas  near  the  present  channels  of  the  Platte  and  Missouri.  Tow- 
ard its  shores  it  was  very  shallow.  For  an  indelinitc  period  it 
•was  gradually-  filling  with  the  silt  brought  down  by  numerous 
rivers  flowing  into  it.  This  locustnd  deposit  is  of  a  yellowish, 
ashy  color,  and  is  composed  of  more  than  80  per  cent,  of  minute 
rounded  grains  of  clear  or  yellow  quartz,  which  rarely  exceed  .005 
inch  in  diameter  and  average  less  tlian  .001.  It  has  been  de- 
scribed as  ''perfeclly  homogeneous,"  and  specimens  from  widely 
separated  localities  are  usualU-  undistiuguishable. 

A  continued  study,  however,  brings  out  many  differences. 
Some  portions  have  calcareous  concretions,  others  ferruginous ; 
some  i^how  a  i)redominance  of  the  yellow  tinge,  others  the  ash}'; 
some  contain  abundance  of  land  and  fresh-water  shells,  while 
generally  there  is  little  or  no  trace  of  them.  Very  commonly  the 
deposit  is  distinctly  though  ver}'  finely  stratified.  Some  marks, 
very  generally  found,  seem  like  the  traces  of  roots,  others  of 
worms,  and  so  far  below  the  surface  that  they  can  scarcely  be 
recent.^ 

But  it  is  the  purpose  of  the  writer  to  call  attention  to  certain 
marks  that  seem  of  greater  interest  and  importance. 

Several  railroads  traverse  the  formation  in  different  directions, 
and  the  atmosphere  acting  upon  the  various  exposures  made  b}' 
them  has,  by  its  delicate  touch  during  the  past  ten  yeais,  brought 
out  certain  characters  that  had  before  escaped  the  geologist's  eye 
and  chemist's  crucible.     The  localities  where  the  most  satisfactory 

>  These  marks  are  very  probably  such  as  have  been  noticed  by  Baron  Richthofen  in 
the  Loess  of  China,  and  from  wliich  he  argues  the  sub-aerial  origin  of  the  deposits, 
rill.  Am.  Naturalist,  Vol.  XI,  p.  711.  Since  reading  the  article  just  referred  to,  the 
■writer  has  examined  more  carefully  and  found  living  rootlets  of  some  herbaceous 
plants,  probably  grass,  fifteen  feet  below  tlie  surface.  How  much  farther  they  descend 
he  has  not  yet  determined. 
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observations  Imvo  hron  iiiihIc  arc  in  tlio  cuts  <u)  tlic  R.  and  ^I. 
U.  R..  oast  of  Glenwood.  Mills  Co..  Iowa,  and  within  llirce  miles 
of  that  place.  In  that  distance  the  railroad  descends  over  225 
feet,  from  the  nplands  to  the  flood-plain  of  the  Missonri.  Il  passes 
lhron;j;h  ten  cuts,  two  of  them  over  thirty  feet  in  depth,  and  the 
vertical  sections  of  some  overlapi)in_ir.  An  excellent  opportnnity 
is  therefore  given  for  studying  the  strata  and  fossils  of  this  Loess 
or  Bluff  deposit. 

The  attention  of  the  writer  was  first  attracted  by  quite  deep 
furrows  or  benches  traversing  the  sloping  sides  of  the  cut,  in  a 
horizontal  direction.  Another  curious  fact  was  discovered  not 
long  after.  The  cottonwoods  and  willows,  which  had  sprung  up  in 
considerable  numbers  in  the  sides  of  the  cuts,  were  distributed  in 
several  cases  quite  distinctly,  in  horizontal  rows  or  strips,  and 
what  was  more  astonishing,  such  an  arrangement  could  not  be 
ex[)laincd  In'  the  difference  in  slope  of  the  surface  at  different 
levels,  because  the  rows  were  quite  as  noticeable  in  cuts  without 
distinct  benches,  as  in  those  where  they  were  most  distinct.  More- 
over, in  the  latter  the  trees  were  quite  as  frequently  on  abrupt 
slopes  as  upon  the  gentle  ones  or  bottoms  of  the  benches. 

After  studying  upon  the  problem  for  several  months  without 
finding  any  prospect  of  a  solution,  a  visit  was  made  to  the  locality, 
fortunately,  on  a  hot  drying  day  just  after  a  soaking  rain.  One 
unknown  quantitj-  was  seen  at  a  glance,  at  one  of  the  deepest  cuts. 
Crossing  the  north  side  of  the  cut  horizontally,  were  four  or  five 
wet  zones,  twelve  to  eighteen  inches  in  width,  showing  with  var^'ing 
distinctness  their  darker  color,  contrasted  with  the  light  yellow  of 
the  intervening  la^^ers  which  had  dried  more  quickly.  Moreover, 
these  Avct  zones  corresponded  closely  with  the  strips  of  young 
trees. 

A  recollection  of  seeing,  a  few  days  before,  how  the  cottonwood 
seeds,  when  swei)t  like  snow  before  the  summer  breeze,  failed  to 
remain  on  the  dry  road,  but  fairly  "frosted"  the  mud  b^'  the  road 
side,  quickly  led  to  the  conclusion  that  the  damp  layers  of  the  cut 
caused  the  rows  of  trees,  both  by  catching  the  flying  seed  and 
supplying  moisture  for  sprouting  and  nourishing  it. 

The  unequal  drying  of  the  surface  could  not  be  explained  by 
the  inequalities  of  slope  resulting  from  the  benches,  for  the  wet 
zones  could  be  traced  where  there  were  no  benches  and  across 
slopes  of  A'ery  different  inclinations.      Perhaps  strangest  of  all, 
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the  wet  zones  with  tlie  rows  of  trees  were  found  to  correspond,  in 
the  vertical  distances  between  tlieni,  witli  tlie  furrows  or  benclies 
in  the  same  cuts.  This  correspondence  though  very  general,  was 
not  exact  in  ever}-  case.  The  wet  zones  were  usually  just  above 
the  loose  layers  producing  tlie  benches. 

These  three  things,  therefore,  the  rows  of  trees,  the  wet  zones, 
and  the  benches,-  were  so  many  corroborating  and  mutually  sup- 
plementary traces  to  guide  to  further  discoveries,  and  perhaps  to 
the  causes  back  of  all,  B}^  an  examination  of  the  various  cuts 
mentioned,  these  additional  facts  were  found. 

In  the  lower  part  of  the  Bluff  deposit,  there  is,  in  the  locality 
under  consideration,  a  succession  of  similar  strata  about  every 
four  feet.  From  a  particular  section  the  intervals,  measured 
between  the  tops  of  the  loose  layers  or  bottoms  of  the  wet  zones, 
taken  in  order,  were  forty-two  inches,  forty-eight,  fifty-five,  fifty 
(?)  and  fifty-three. 

In  the  middle  Bluff  deposit  they  were  about  three  feet,  and 
higher  up  in  the  formation,  less.  Within  100  feet  of  the  top  of 
the  formation  the  intervals  of  twenty-four  and  twenty-seven  inches 
were  noted,  and  still  higher  thirty (?),  thirt3'-six  and  twenty-four, 
in  succession. 

These  are  the  facts  observed.  How  can  they  be  explained? 
They  point  to  some  causes,  which  acted  similarly  at  nearly  regular 
intervals.  What  can  have  produced  that  regularity?  Nothing 
more  plausible  suggests  itself  than  the  revolution  of  the  seasons. 
In  fact  no  other  influence  suggests  itself,  and  this,  to  one  accus- 
tomed to  think  of  geological  forces  as  working  with  almost  incon- 
ceivable slowness,  is  far  from  satisfactorj-,  at  least  at  first. 

The  next  step  for  the  writer  was  to  study  the  present  deposits 
of  the  Missouri,  seeking  answers  for  such  questions  as  the  follow- 
ing : — 

Is  there  any  perceptible  difference  between  the  deposits  of  high 
water  and  low-water?  How  much  solid  matter  does  the  water, 
flowing  at  its  present  velocity,  contain  in  each  stage?  In  restricted 
areas  overflowed  by  the  river,  what  depth  of  deposit  is  formed  in  a 
given  time? 

lie   found   from   Prof.    R.  Emory's  analyses,  recorded    in    the 

"Later  observations  have  revealed  another  clew,  viz.,  zones  of  moss,  wliicli,  nour- 
ished by  the  wet  zones,  mark  them,  in  some  cases  quite  distinctly,  after  the  extra  moist- 
ure has  disappeared,  as  in  mid-summer. 
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''  I<)\v:i  (ifoloLjicril  Uc'i)(»rt,"  tli:it  IiiltIi  wator  of  llie  Missouri,  con- 
tains -,|(j  of  its  weight  of  soKul  mattiT  undissolved,  of  which  over 
84  per  cent,  is  silica,  and  over  12  per  cent,  iron,  alumina,  and  cal- 
citnn  carltonate;  that  low-water  contains  ^i^jii  ^^  solid  matter,  of 
whii'h  only  7.")  per  cent,  is  silica,  while  there  is  over  22  per  cent, 
of  the  other  substances  named. 

Assuming  that  the  silica  is  in  the  form  of  the  minute  grains 
before  mentioned,  while  the  other  ingredients  form  the  finer  ce- 
menting and  coloring  elements,  we  should  expect  a  deposit  during 
a  freshet  to  be  more  santhj,  and  that  from  quietlj'  flowing  or  still 
■water,  more  clayey.  Such  expectations  were  fully  realized  by  ex- 
amination. From  a  slough,  freely  connecting  with  the  river  at 
high  water,  afterward  becoming  a  quiet  pond  and  finally  drying  up 
each  season,  the  following  section  was  obtained,  from  the  surface 
down  : 

4^  inches,  impalpable  claj'. 
4^      "        fine  sand. 
4^      "       of  clay. 
6        "        sand, 
then  clay  again. 

On  the  surface  of  a  prairie,  where  the  river,  this  last  spring, 
escaped  from  a  sharp  bend,  when  at  its  highest  stage,  and  flowed 
for  two  weeks  with  a  depth  of  less  tlian  four  feet,  and  where  no 
■water  stood  after  the  river  subsided,  a  deposit  of  fine  sand  only 
•was  found,  which  was  from  eight  to  eighteen  inches  deep. 

These  facts  suggest  and  impress  the  thought  that  the  looser 
layers,  marked  in  the  railroad  cuts  b}' benches,  were  caused  by  the 
annual  freshets  of  the  Post-pleiocene  Missouri ;  while  the  moist 
or  clayc}'  layers  above  them  record  the  more  quiet  season  follow- 
ing. 

The  variations  of  the  ancient  deposits  are  more  marked  in  the 
localities  mentioned,  because  they  are  so  near  the  old,  as  well^  as 
the  present,  bed  of  the  Missouri.  The  same  fact  will  also  assist 
in  ex[)laining  the  thickness  of  the  same  deposits. 

In  addition  to  the  facts  ahead}'  given  concerning  the  thickness 
of  recent  deposits,  the  writer  would  say  that  trustworthy  witnesses 
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informed  liim  that  the}'  could  point  to  places  where  the  Missouri 
has  filled  portions  of  its  bed  from  twelve  to  eighteen  feet  in  depth 
in  a  single  season.  Much  of  this,  however,  is  a  result  of  its  push- 
ing rather  than  its  de[)ositing  action.  Yet,  if  the  sediment  of 
water,  passing  a  certain  point  only  partially'  checked  and  only  four 
feet  deep,  (ills  up  about  ten  inches  in  two  weeks,  what  possiijilities 
are  conceivable,  in  the  case  of  a  large  and  rapid  river  wholly 
checked,  and  all  its  sediment  settling  to  the  bottom  ! 

To  assist  in  such  a  conception  and  at  the  same  time  give  some- 
thing more  sul)stantial  than  mere  fancy,  let  us  take  the  data  fur- 
nished by  the  "  U.  S.  Report  on  the  Physics  and  Hydraulics  of 
the  Mississi[)i)i,"  and  modify  them  to  suit  our  ideas  of  the  Cham- 
plain  period,  as  derived  from  other  sources. 

If  the  rainfall  was  then  as  great  in  the  Missouri  basin  as  it  is 
now  in  that  of  the  Ohio  ;  if  owing  to  the  lack  of  vegetation  three- 
fourths  of  the  rainfall  should  find  its  way  into  the  river  channels  ; 
if  the  melting  glaciers  furnished  as  much  water  as  the  whole  rain- 
fall ;  if  the  proportion  of  silt  transported  averaged  about  the 
amount  observed  at  high  water  at  Council  Bluffs,  as  given  above; 
the  silt  poured  into  this  lake  would  be  enough  to  cover  an  area 
equal  to  Lake  Ontario,  to  a  uniform  depth  of  3.G2  feet,  annually. 
This  area  would  perhaps  equal  in  extent  the  deeper  portions  of  the 
ancient  lake,  those  lying  beneath  the  principal  currents.  The 
deposition  would  doubtless  be  very  uneven,  deeper  in  limited  lo- 
calities and  very  shallow  away  from  the  main  currents. 

Therefore,  the  conclusion  seems  not  incredible,  that  in  some 
central  portions  of  this  ancient  Lake  Missouri,  the  annual  deposit 
may  have  been  at  first  as  much  as  four  feet  in  depth;  that  later  it 
diminished  to  less  than  tico  feet,  and  probably  toicard  the  last  was 
much  less  and  more  irregular. 
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On  the  Classification  of  the  Extinct  Fisiiks  of  the  Lower 
TvPEs.     liy  Edwahd  D.  Cope,  of  riiiladelphia,  Penn. 

In  the  Transiictionsof  the  American  riiilosophical  Society,  pub- 
lished ill  1S71,  and  more  fully  in  tlie  Proceedings  of  the  American 
Association  for  the  Advancement  of  Science,  at  the  meeting  of 
1871  (pui)lished  early  in  1872),  I  showed  that  the  supposed  order 
of  Ganoids,  as  defined  by  Miiller,  is  not  a  homogeneous  or  natural 
association  of  types.  I  pointed  out  that  the  recent  genera  must 
be  distributed  between  two  divisions  of  fishes  of  high  rank,  viz.  : 
the  Crossopteriigia,  and  the  Actinopteri.  The  last-named  division 
was  believed  to  include  the  fishes  previously  known  as  Chondrostei 
and  Teh'ostei.  Some  of  the  so-called  Ganoids  of  Miiller  and  Agassiz 
were  referred  to  ditferent  subdivisions  of  the  Actinopteri.  In  a 
paper  recently  published  in  the  Proceedings^  of  the  American  Phil- 
osophical Societ}',  a  better  expression  of  natural  affinities  was 
thought  to  be  obtained,  by  regarding  the  Crossopterygia,  ihc  CJion- 
drostei,  and  the  Actinopteri,  as  forming  a  single  sub-class  of  the 
class  Pisces,  under  the  name  of  Hyopomata,  the  other  sub-classes 
being  the  Dipnoi,  the  Selachia,  and  the  Ilolocephali. 

The  following  definitions  of  the  four  sub-classes  were  there  given. 

I.  Suspcnsoriuin  continuous  with  the  cartihiginous  cran- 
ium, with  no  hyomandibular  nor  rudimental  opercular  bone; 
no  maxillary  arch;  pelvic  bones  present;  axial  series  of  fore 
limb  shortened,  the  derivative  radii  sessile  on  the  basal 
pieces;  axial  series  of  hinder  limb  prolonged  in  male  .  .  .     Ilolocephali. 

IF.  Suspensorium  articulated  with  the  cranium;  no 
maxillary  arch ;  no  opercular  nor  pelvic  bones ;  bones  of 
limb  as  in  the  last Selachii. 

III.  Suspensorium  rudimental,  articulated  with  cranium, 
supporting  one  or  more  opercular  bones;  cranium  with  su- 
perior membrane  bones;  no  maxillary  arch;  a  median  pel- 
vic element;  the  limbs  supported  by  segmented  unmodified 

axes Dipnoi. 

IV.  Ilyomandit)ular  and  palatoquadrate  bones  articulating 
with  cranium,  supporting  opercular  bones;  a  maxillary  arch; 
no  pelvic  element;  axes  of  the  limbs  shortened,  the  derivative 

radii  sessile  on  the  basal  pieces Hyopomata. 

The   primary  divisions  of  the  Hyopomata  are  indicated  by  the 

1  M.ay,  1877. 
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structure  of  the  fins,  of  which  there  are  three  principal  modifica- 
tions as  follows  : 

A.  Derivative  radii  present  in  botli  limbs ;  in  the  anterior 
supported  by  an  axial  segment  with  one  or  more  basal  or 
derivative  radii,  forming  a  peduncle;  in  the  bind  limbs  the 

derivative  radii  sessile  ou  axial  segment  only Crossoplerngia. 

B.  Derivative  radii  few  in  the  fore  limb,  sessile  on  scapu- 
la; present  in  hind  limb,  and  sessile  on  axial  segment  .  .       Clwndmstti. 

C.  Derivative  radii  few  in  the  fore  limb,  sessile  on  the 
scapula;  wanting  or  very  few  and  rudimental  on  the  hind 

limb  so  that  the  dermal  radii  rest  on  the  axial  element.  .  .        Actiiwpteri. 

The  classification  of  the  Actinopteri  then  continues  as  in  the  me- 
moirs above  quoted. 

I  had  alread}'  referred  Phanerojyleiiron-  to  the  Dipnoi^  when  Dr. 
Giintlier's  and  Prof.  Huxley's  researches  into  the  structure  of 
Ceratoclus  forsteri  led  them  to  place  this  genus  also  in  the  same 
sub-class.  Giiuther  also  refers  the  fossil  genera  Dipterus,  Chiro- 
das  and  Concliodiis  to  the  Dipnoi^  and  with  these  must  go  Ctenodus 
and  its  immediate  allies.  The  PoJfjpteridce  and  Codacanthidoe^ 
which  were  arranged  by  Huxley,  with  the  preceding  forms  in  his 
sub-order  Crossoplerygia^^  are  clearly  Ilyopomata,  having  well  de- 
veloped hyomandibular  and  maxillary  bones,  as  well  as  characters 
of  the  pectoral  fins  equally  wanting  to  the  Dipnoi.  It  is  thus  evi- 
dent that  the  division  Crossopterygia,  as  left  by  Huxle}^,  cannot  be 
maintained,  but  that  it  must  rest  entirch'  on  the  definitions  given 
by  me  in  the  papers  above  quoted,  where  the  two  families  mentioned 
were  the  only  ones  referred  to  it.  It  is  possible  that  a  strict  adhe- 
sion to  the  law  of  priorit}-  will  require  that  the  name  Ganoidei 
should  be  retained  for  this  division. 

The  tribe  Actinopteri  as  left  in  my  latest  paper  above  quoted 
(Ma}-,  1877),  has  slightly'  diflTerent  l)oundaries  from  those  origi- 
iiall}'  prescribed  for  it,  since  the  Cliondrostei  are  now  excluded 
from  it.  As  then  and  now  understood,  it  is  nearly  identical  with 
the  Teleostei  of  Miiller,  a  name  which  I  should  adopt  for  it,  were 
it  not  that  some  of  his  Ganoidei  and  numerous  extinct  forms  with 
unossified  vertebral  column  belong  to  it.  For  such  fishes  the  name 
of  Miiller  is  too  glaringly  inapplicable  to  be  employed. 

"  Transactions  American  Philosophical  Society,  XIV,  1S71,  p.  450. 
•Memoirs  of  Ihe  Geological  Survey,  Great  Britain,  Decade  X. 
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After  oxcliulin^j^  the  extinct  genera  of  Hyopomata  which  are 
ch-arly  Crossitplcn/gid  and  Chondrostei,  there  remains  a  nnmerous 
assenilthige,  whose  relationships  to  existing  types  of  fishes  have 
never  yet  been  ascertained.  I  refer  especially  to  the  families  of 
the  L('pi'(loi(h's,  Sduroides  and  Pj/atodontes,  of  the  I'oissons  Fos- 
siles  of  Agassiz,  and  other  forms  snbsequentl}'  described  ;  among 
others,  the  Don/pterus  of  Germar.  The  only  bond  which  retained 
tiiese  forms  in  connection  with  the  fossil  Crossopter3'gian  fishes, 
tiie  rhombic  and  enameled  scales,  may  be  safely  disregarded  in 
view  of  the  important  characters  of  tlie  skeleton  which  declare 
their  afllnities  to  be  diverse  ;  the  more  as  some  of  the  latter  {Coda- 
conthid")  have  rounded  scales,  and  Lej)tolepis  and  other  genera, 
rcfcirc'd  by  Agassiz  to  the  Sauroides,  have  cycloid  scales.  The 
hetcrocercal  character  of  the  tail  of  some  of  them  is  of  but  little 
greater  weight.  I  have  already  shown  that  fishes  presenting  this 
character  {Lepidosteus,  Amia)  do  not  diflfer  in  other  respects  from 
other  Actinopteri,  while  the  still  lower  isoccrcal  condition  is  often 
seen  in  the  latter.  Further,  the  extinct  genera  do  not  agree  among 
themselves  in  this  respect,  some  being  hetcrocercal,  and  some 
isocercal. 

The  question  remains  as  to  the  proper. location  of  the  families 
just  named,  in  the  tribe  Actinopteri.  It  has  been  impossible  to 
discover  all  of  the  characters  necessary  to  the  fullest  elucidation 
of  this  question,  but  the  greater  number  of  them  have  been 
satisfactorih'  ascertained.  Tiie  following  results  are  therefore 
ap[)roximations  to  the  truth  which  I  believe  that  future  researches 
into  the  osteology  will  confirm.  At  the  least  they  are  much  nearer 
to  an  expression  of  nature  than  any  yet  attained. 

As  regards  the  general  affinities  represented  by  the  terms  Phy- 
sostomi  and  Physodysti,  there  is  no  doubt  that  the  Lepidoides  and 
Sauroides  exhibit  the  former.  This  is  seen  in  the  uninterrupted 
conjunction  of  the  parietal  bones  (where  it  has  been  possible  to 
observe  the  parts),  and  in  the  abdominal  position  of  the  ventral 
fins,  and  extent  of  the  maxillary  bone  ;  as  well  as  in  the  less  ira- 
porlant  features  of  the  absence  of  all  ctenoid  characters  of  scales 
and  preoperculum,  lack  of  spinous  rays,  etc.  The  Pycnodontidce 
present  in  general  similar  characters,  and  add  nothing  which  should 
separate  them  widely  from  the  Lepidoid  genera  of  Agassiz,  espec- 
ially the  family  of  the  Dapediidce.  Like  these,  however,  they 
approach  nearer  to  the  Physodysti  in  the  anterior  continuation  of 
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the  interueural  spines  as  far  as  the  skull.  This  character  is  founil 
also  in  some  P/o/sostomoiiii  fishes,  /.  e.,  the  greater  nunihi-r  of 
Characiukke,  the  Eloju'dce,  Umbridce  antl  some  Xematognathi. 

Tlie  Dori/pteridcB  present  a  number  of  peculiar  features,  ap- 
proaching still  more  closely  the  P/u/sodi/sd  in  their  thoracic  ventral 
fins.  We  may  now  consider  the  relations  of  the  Lepidoides  and 
Sauroides  to  the  known  ph^sostoraous  orders. 

Tiie  scapular  arch,  being  suspended  to  the  cranium,  renders 
comparison  with  some  recent  orders  with  a  free  scapular  arch 
unnecessary.  The  simplicity  of  the  anterior  vertebrae  leaves  out 
of  account  the  Kematognathi  and  PlectospondyU.  The  only  orders 
with  which  we  can  compare  them  are  those  represented  by  their 
old  companions  in  the  Poissons  Fossiles,  the  Ginghjmodi,  the 
Halecomorphi  and  the  Isospondyli. 

Although  the  Sauroides  included  the  genus  Lepidosteus  in  Agas- 
siz's  system,  I  cannot  find  that  an}'  of  the  fishes  of  the  two  families 
under  consideration  possess  the  peculiar  vertebraj  of  that  genus, 
which  in  part  characterize  the  order  Ginghjmodi.  Neither  have 
any  of  them  the  segmented  maxillary  bone.  The  real  alternative 
is  between  the  last  two  of  the  above  named  orders.  Now  the 
principal  skeletal  character  which  distinguishes  these  two  is  found 
in  the  pectoral  fin.  In  the  Halecomorpld  there  are  numerous 
basilar  radii  attached  to  a  cartilaginous  mesopterygium  ;  in  the 
IsospodijU  there  are  but  three  or  four  such  bones  sessile  on  the 
scaptdar  arch.  After  examining  a  number  of  specimens  of  species 
of  both  the  Agassizian  families  named,  I  have  been  unable  to 
discover  an}-  basilar  bones  whatever,  and  have  suspected  that  they 
were,  in  the  complete  skeleton,  of  cartilaginous  character.  Pro- 
fessor Agassiz  figures  this  region  in  his  restoration  of  the 
"Lepidoid"  genus  Platysomus,  and  of  the  "Sauroid"  genera 
Macrosemius  and  Caturus.  In  these  he  represents  the  small  num- 
ber of  basilar  bones  characteristic  of  the  Isosipondyli^  and  placed 
in  the  close  relation  to  the  scapular  arch  which  is  seen  in  the  same 
order.  A  consultation  of  the  numerous  figures  given  b}'  Agassiz, 
ThioUiere,  and  others,  has  failed  to  discover  a  single  instance 
exhil>iting  the  peculiar  basilar  pectoral  bones  of  Amia.  This 
could  scarcely  be  so  uniformly  the  case  did  such  bones  exist,  so 
that  with  Prof.  Agassiz'  restoration  coinciding,  I  can  only  for  the 
present  refer  these  fishes  to  the  Isospondyll. 

Their  other  special  characters  are  so  numerous,  that  they  must 
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be  taken  necoimt  of  in  (leciclin<if  on  tlieir  ordinal  relations.  If  wo, 
for  llic  present,  dislint^uisli  the  two  latnilies  as  did  Agassiz,  we 
incliide  in  the  Lepidoides  tiie  genera  with  teetli  en  bros  e  or  in  a 
single  row,  and  sul)-eqnal  and  obtuse  ;  and  in  the  Sauroides  the 
genera  with  teeth  of  inieqnal  sizes,  some  being  large  and  raptorial, 
the  others  minute.  01'  the  Lepidoid  genera,  Agassiz  states  that 
the  vertebrae  are  osseous  in  Lepidotns,  and  says  the  skeleton  of 
AinhbipteruH  is  osseous,  without  particularizing  the  vertebrje.  The 
posterior  vertebrne  of  Palwoniscus  he  states  to  be  ossified,  while 
in  Platysomus,  Tetragonolepis  and  Dapedius,  the  centra  are  not 
certainly  osseous.  In  all  of  those  genera  the  neural  and  liiemal 
arches  arc  distinctl}'^  articulated  with  the  centra.  Plati/soma.t, 
Dapediua  and  Tetrugonolepis,  present  the  important  cbaractor  of  a 
series  of  basilar  internoural  and  interhtemal  bones,  the  interneurals 
commencing  in  Pkd>/so7nus  at  the  head.  This  character  sepa- 
rates these  species  widely  from  the  other  genera  of  the  "-Lepi- 
doides." 

As  regards  the  '■'■Sauroides,"  the  vertebral  centra  are  always 
represented  as  ossified,  and  the  neural  and  haeraal  arches  articu- 
lated, with  the  possible  exception  of  Thrissops^  where  the  arches 
are  represented  as  continuous ;  the  same  point  is  not  certainly 
determined  in  Eitgnathus.  None  of  the  genera  which  I  have  seen 
have  the  basilar  internoural  and  interhaemal  spines  found  in  the 
Dapediidce,  above  mentioned,  nor  are  tbej^  figured  or  described  by 
authors. 

In  these  characters  of  the  two  groups,  there  is  nothing  allying 
genera  to  the  Hcdecomorphi  rather  than  to  the  Isosj)ondyli.  The 
absence  of  the  basilar  interhjcmals  from  all  excepting  the  Bapediidoi 
is  additional  evidence  of  Isospondylous  affinities.  The  ganoid 
scales  of  most  of  the  genera  do  not  separate  them  from  the  typical 
forms  of  this  order  more  widely  than  the  Arapcema,  nor  the  verte- 
brated  caudal  fin  more  widely  than  the  existing  Notojyterus.  The 
number  of  vertebrae  included  in  the  axis  of  the  caudal  fin  in  the 
extinct  genera  is  shown  by  Agassiz  to  be  ver^^  variable.  In 
3f('g<durus,  this  region  resembles  that  of  Amia;  in  Leptolepis  and 
Caturus,  the  vertebrae  are  not  more  numerous  than  in  the  Sauro- 
dontidce,  while  in  Thrissops  the  fin  is  homocercal,  in  the  Agassiziau 
sense. 

*  Description  of  Poiss.  Foss.  prov.  d.  1.  Gisem.  Jurass.  d.  Ic  Bugey;  premiere  livr. 
TliioUicre  ct  Gervais. 
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As  alread}'  remarked,  the  Pycnodontidce  present  some  points  of 
resenilihince  to  the  DapecUidce.  All  tlie  points  necessary  to  a  com- 
plete elucidation  of  their  structure  have  not  yet  been  observed,  so 
that  my  conclusions  are  necessarily  imperfect.  A  point  of  resem- 
blance to  the  Plectognatlii  is  seen  in  the  cartilaginous  space  between 
the  interncuial  and  interha}mal  spines  and  their  respective  fins;  a 
space  occupied  in  the  Dupediidte  and  Dori/pterida',  by  the  basilar 
interneurals  and  iuterha^mals.  This  character  is,  however,  not 
universal  in  the  Pycnodontidce.  Prof.  Agassiz  speaks  (Poissons 
Fossiles)  of  a  maxillary  bone,  which  boars  a  few  teeth,  in  this 
family.  This  character  will  distinguish  it  at  once  from  the 
Plectognatlii  and  all  other  physoclj'stous  orders.  The  abdominal 
position  of  the  ventral  fins  and  unmodified  anterior  vertebrtB  indi- 
cate that  these  fishes  may  for  the  present  be  jilaced  with  the  preced- 
ing, in  the  Isospondyli.  There  they  are  well  distinguished  l)y  the 
peculiar  inverted  chevron-like  bones  which  protect  the  dorsal  and 
lateral  regions  in  front  of  the  dorsal  fin.  Prof.  Agassiz  describes 
the  vertebrae  of  Pycnodus  as  osseous  ;  M.  Thiolliere  figures  some 
species  as  without  osseous  centra,  a  condition  I  have  observed  iu 
some  specimens. 

The  characters  of  the  Dorypteridce  are,  according  to  the  very  full 
description  of  Messrs.  Hancock  and  Howse,^  more  strongly  pecul- 
iar. Although  these  fishes  ma}-  be  referred  to  the  PJiysocIysti,  on 
account  of  the  thoracic  position  of  their  ventral  fins,  the^'  present 
features  which  will  not  permit  a  reference  to  any  known  order.  It 
has  been  shown  that  they  possess  the  basilar  interneural  bones, 
which,  as  I  have  pointed  out,*^  only  exist  in  the  PJiysocIysti  in  small 
development  in  the  Batrachidce;  and  occur  in  various  degrees  of 
development  in  some  Physostomi,  being  especially  elongate  in  the 
anal  fin  of  Amia.  It  is  even  possible  that  another  element  enters 
into  the  series  connecting  the  neural  spines  with  the  dorsal  fin-ra3's. 
The  pectoral  fin  possesses  fourteen  or  fifteen  basilar  radial  bones  ; 
a  character  which,  like  the  last,  is  not  found  in  the  Plectognatlii ; 
these  fishes  having  but  three  or  four  such  elements.  These  two 
points  indicate  a  lower  position  than  that  of  the  latter  order,  and 
a  relation  to  it  similar  to  that  which  ximia  bears  to  the  Isospondyli. 
It  goes  to  show  that  even  among  some  of  the  earlier  fishes,  phj's- 
oclystous  characters  were  foreshadowed.     I  therefore  establish  a 

'  Quarterly  Journ.  Geoloj?.  Society.  London,  1870,  p.  C23. 
•  Trausac.  Amer.  I'liUos.  Soc.  1871,  XIV,  p.  451. 
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lu'w  orrU-r  for  its  rccoption  to  take  its  place  at  the  base  of  the  line 
of  I'hysoflysti. 

As  a  ivsnmu  of  the  preceding  inquiry,  the  following  table  of  the 
families  treated  of,  with  their  dehnitions,  is  now  given : 

Order  Isospondyi.i. 

Pliysostonions  fishes  with  distinct  parietal  bones ;  umnodiflod  anterior 
vertebra*,  and  three  or  four  basilar  bones  of  the  pectoral  fln.  Syniplectic 
and  iiriecoracoid  bones  present  so  far  as  known. 

Fan).     Sai-kopsio^  (Sauroides  Agass.  partim.) 

Teeth  of  different  sizes,  the  hirge  raptorial  ones  mingled  with  small 
ones;  vertebral  coUnnn  osseous ;  no  basilar  iuterneurals  or  iuterhsemals. 

1.  Caudal  fln  with  many  vertebra; ;  scales  rhomboid ; — Pygopterus  Eugna- 

thus. 

2.  Caudal   fin  with    few  vertebra?;   scales    rhomboid;  —  rarJujcormus,^ 

Sa^lropsis,  Hacrosemuts,  Belonostomus,  Aspidorhyndius. 

3.  Caudal  fin  with  numerous  vertebra?;  scales  rounded;  Megalurus,  CaU 

lopterus,^  Attakeopsis.^ 

4.  Caudal  fln  with  few  vertebra?  (in  some  instances  apparently  none) ; 

scales  rounded ; —  Caturus,  LeptoUpis,  Ancedopogon^,  Thrissops. 

Fam.     Lepidotid^  {Lepidoides  Agass.  partim.) 

Teeth  simple,  often  obtuse,  in  one  or  many  rows,  v^ithout  elongate  ones 
intermixed ;  no  basilar  interneurals  or  interha^mals ;  vertebra?  with  the 
centra  incompletely  ossified;"'  (scales  rhomboid;  caudal  fin  vertebrated.) 
Ambhjpteru.'f,  Palceonisnts,  Eurtinohis,  Semionotus,  Lepidotits,  Pholido- 
phurus,  Jlicrops,  Xotagogus,  Ophiopsis,  Cosmolepis,  Pleuropholis. 

Fam.     Dapediid-e  mihi. 

Teeth  uniform,  obtuse ;  vertebrje  with  incompletely  ossified  centra ;'"  the 
interneural  spines  commencing  at  the  head;  a  complete  series  of  basilar 
interneural  and  interhaemal spines;"  Platijsomus,  Dapedius,  Tetragonolepis. 

Fam.     PvcNODONTiD^. 

Teeth  obtuse,  molar,  covering  the  vomer  and  palatine  bones ;  no  basilar 
interneural  and  interha?mal  bones;  chevron-shaped  bones  protecting  the 
dorsal  region,  their  branches  extending  on  the  sides;  abdomen  protected 
by  similar  bones,  which  form  plates  on  the  median  line;  interneurals  con- 
tinued far  forwanls. —  Jlicrodun,  Pycnodtis,  Gtjrodus,  Mesodon. 

'  Vide  P.  hetenirus  and  P.  macroptervs  \g. 

•Tliiolliere  et  Gervais  Poissons  Foss.  de  Bugey. 

*Cope,  Proceedings  Anieiiean  Philosophical  Society,  1871,  p.  53. 
•'These  statements  are  derived  from  Agassiz,  Poissons  Fossiles. 
"  Agassiz.  Poiss.  Fossiles,  II.  Pi.  D.  flg.  2. 
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Order  Docoptkri  milii. 
Scapular  arch  suspended  to  the  crauiuni ;  pectoral  flu  with  numerous 
(not  more  than  fifteen  known)  basal  radii;  ventral  fins  thoracic.     Dorsal 
and  anal  fins  with  basilar  iutorneurals. 

Fam.     DouYPTEUiD^. 

Vertebral  column  osseous ;  caudal  fin  not  or  very  shortly  vertebrated. 
Intemeural  spines  corresponding  with  the  basilars  on  the  abdominal,  but 
not  on  the  caudal  parts  of  the  vertebral  column,  liibs  complex,  united 
with  abdominal  dermal  bones  which  form  a  series  of  median  plates. 

None  of  the  Isospondvlous  families  above  described  possess  the 
dental  characters  of  the  Saurodontidce,  i.  e.  the  long  fangs  set  in 
deep  alveoli.  I  now  devote  some  attention  to  a  family  presenting 
this  character,  which  is  also  the  type  of  a  peculiar  order  which  I 
have  called  the 

ACTINOCHIRI.  ^~ 

Six  single  and  one  paired  basilar  bones  supporting  the  pecto- 
ral fin,  all  articulating  with  the  scapula  ;  anterior  vertebric  unmodi- 
fied. Mandible  com[)lex,  the  coronoid,  angular  and  articular  bones 
all  distinct.     Maxillary  and  premaxillary  bones  distinct. 

The  only  family  of  this  order  j'et  known  is  that  of  the  Pelecop- 
teridce,  which  is  thus  defined. 

Pelecopterid^  :  Premaxillary  bone  forming  but  a  small  part  of 
the  arcade  of  the  mouth,  and  articulating  with  its  superior  border 
in  a  groove  of  the  ethmoid  bone.  An  interior  clement  (splenial?) 
of  the  mandible  extending  to  the  symphysis,  and  supporting  teeth. 

There  are  two  genera  of  this  famil}^  Pelecopterus  and  ErisicJdhe. 
The  ethmoid  bone  is  produced  into  an  elongate  beak,  which  sup- 
ports at  its  base  on  the  inferior  side,  two  huge  teeth,  which  jssue 
from  deep  alveoli.  The  teeth  of  the  premaxillary  and  anterior 
portions  of  the  dentary  and  splenial  bones  are  larger  than  the  re- 
maining teeth.  Those  of  the  principal  series  are  compressed  and 
furnished  with  sharp  edges,  while  there  are  supplementary  rows  of 
small  conical  teeth  on  the  splenial,  dentar}'  and  parasphonoid. 
The  occipital  articulation  is  deeply  excavated.  The  pectoral  fin 
consists  of  a  single  spine,  composed  of  all  the  rays  solidly  cohe- 
rent, whose  anterior  border  is  acute. 

"  Report  of  U.  S.  Geolog.  Surv.,  Terr.,  F.  V.  Ilaj-den,  II,  p.  244  A. 
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Four  species  of  Erisichthe  have  been  described  ;  E.  nitida  Cope 
(Uf|)t.  II.  S.  (ieol.  Surv.,  Tenn.,  II,  p.  217)  ;  E.  dimidiata  Cope 
{E.  nitida,  Bull.,  U.  S.  Geolog.  Siuv.,  Tenn.,  Ib77,  III,  822); 
E.  penetrans  and  E.  ziphioides  Cope. 

Figures  of  the  nian(lii)le  of  this  genus  are  given  l»y  Dixon  in  his 
Geology  of  Sussex,  who  referred  the  species  to  SaurocepJialus. 
Sir  riiilip  Egerton  discovered,  during  the  pulilication  of  that 
work  that  the  ziphioid  muzzle  found  in  the  same  formation  belongs 
to  the  same  fishes.  After  my  discrimination  of  the  genus  Erisich- 
the,  in  the  United  States,  Prof.  Mudge  discovered  the  association 
of  the  snout  and  jaws.  I  now  correlate  for  the  first  time  the 
cranium  with  the  pectoral  arch  and  fins  heretofore  known  as 
Pelecopterus.^'^ 


!New  Specimen  from  the  "Water-lime  Group  at  Buffalo, 
N.  Y.     By  A.  R.  Gkote  and  W.  II.  Pitt,  of  Buffalo,  N.  Y. 

In  the  "Paleontology  of  New  Y''ork"  Prof.  Hall  describes  a 
species  of  the  genus  Pteryfjotus  from  a  specimen  of  the  "free 
ramus  of  the  chelate  appendage  ;"  this  specimen  was  found  in  the 
water-lime  group  near  Buffalo.  In  September,  187o,  we  described 
a  still  larger  species  under  the  name  of  Pterygotus  cummingsi  from 
the  same  locality.  The  species  was  founded  on  a  specimen  show- 
ing the  basal  joint  of  one  of  the  swimming  feet  (raaxilliped  or 
ectognath).  In  the  specimen  the  toothed  mandibular  margin  is 
well  shown  with  a  portion  of  the  adjoining  lateral  margins.  The 
near  resemblance  of  this  specimen  with  the  corresponding  parts 
in  /'.  avgelicus  of  Agassiz  from  the  Old  Red  sandstone  shows  that 
the  maxilliped  does  not  give  good  distinctional  characters. 

Wo  have  now  discovered  the  ramus  of  Pterygotus  cummingsi  fvom 

>'  Ttiis  Wiis  flist  published  in  the  "Auierican  Naturalist"  for  Februaiy,  1S78. 
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the  same  beds.  The  drawing  of  this  portion  of  the  body  here  an- 
nexed allows  of  a  comparison  with  Pterygotus  angliais  Ag.,  and 
P.  cobbi  Hall.      It  is  seen  that,  in  size,  it  is  proportionate  to  the 


maxilliped  previousl}'  discovered.  The  length  of  the  specimen  is 
five  and  one-sixteenth  inches  (o^'g)  ;  the  corresponding  piece  in 
Pterygotus  cobbi  measures  three  and  three-sixteenths  (3^^).      In 
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PteniijotuK  aiiijlirus  tlie  sjuiu'  pioco  incasiiros  three  and  five-c'mlithg 
(.■J^)  iiu-lKi.s.  Il  will  be  seen  tliuL  the  present  specimens  show  ihat 
the  American  species  cummingsi  is  perhaps  the  largest  known  of 
the  genns.  In  the  restored  figure  of  Ptcryfjotus  bitobns  given  by 
I'rofs.  Huxley  and  Salter  the  same  joint  measures  five-eighths  (|) 
inch.  The  whole  lengtli  of  the  animal  was  six  and  three-quarters 
inches  {('>}).  rroi)ortionatel3',  and  judging  also  from  what  we 
know  of  the  ect()gnalh,  P.  cummingsi  attained  a  length  of  nearly 
live  feet.  /*.  cobbi  was  about  three  feet  long,  on  the  same  approxi- 
mate estimate.  A  comparison  shows  that  in  the  new  specimens 
the  apex  of  the  joint  is  pointed  ;  in  P.  cobbi  and  P.  anglicus  it  is 
obtuse.  The  arrangement  of  the  teeth  is  dillerent  in  P.  cummingsi, 
Avhile  both  this  species  and  P.  cobbi  differ  from  P.  anglicus  in  the 
greater  narrowness  of  the  ramus.  An  examination  of  the  test 
shows  that  the  teeth  possessed  a  longitudinally  striated  structure 
in  P.  cummitHjsi.  With  regard  to  the  fragment  figured  by  Prof. 
Hall  as  probably  belonging  to  P.  cobbi  (PI.  84,  fig.  8)  we  have 
elsewhere  suggested  from  the  character  of  the  surface  markings 
that  it  may  belong  to  Eusarcus. 


Agamic  Reproduction  among  the  Ctnipid^.  By  H.  F.  Bassett, 
of  Waterbury,  Conn. 

The  theory  of  perpetual  agamic  reproduction  of  certain  species 
of  Ilymenopterous  gall-insects  which  was  forced  upon  the  early 
observers  of  the  Cynipida?,  and  which  was  so  greatly  strengthened 
1)\'  the  seemingly  conclusive  results  of  the  experiments  of  the 
German  entomologist,  Hartig,  thirty-five  years  ago,  is  still  ac- 
cepted as  true  by  many  entomologists. 

Harlig's  experiments  consisted  in  rearing  from  certain  species 
of  oak  galls  vast  numbers  of  gall  flies,  all  of  which  were  females  ; 
and  as  he  continued  these  experiments  for  several  years  and  always 
•with  the  same  results,  the  inference  that  no  males  existed  was 
natural  and  apparently  well  supported. 
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The  fact  of  ajiainic  reproduction  is  cstabllshecl  l)C3'ond  doubt ; 
hut  that  it  is  Dot  i)eri)ctual  in  any  given  species  of  the  Cynipidte 
becomes  nearly  certain  in  view  of  lately  discovered  facts. 

In  June,  1.SG4,  I  found  that  the  females  of  the  very  common  two- 
gendered  Ci/7ii2)s  q.  operator  O.  S.  proceeded  immediately  after 
impregnation  to  lay  their  eggs  in  the  acorn  cups  of  the  shrub  oaks 
on  which  their  woolly  galls  were  found.  A  letter  recording  this 
discovery  and  describing  the  ovipositing  process  was  published  in 
the  Proc.  Ent,  Soc.  Phila.,  Vol.  3,  p.  197. 

I  found  in  the  autumn  of  1864  that  the  acorns  stung  wore  either 
blasted  or  very  imperfect,  and  that  there  were  between  the  imper- 
fect acorn  and  its  cup,  one  or  more  pip-like  galls  each  containing 
a  truec3'nipiileous  larva.  I  endeavored  to  rear  gall  flies  from  these 
galls  but  failed,  and  after  keeping  them  in  the  breeding  boxes  for 
more  than  a  year  threw  them  awa}'. 

A  ^Q\\  years  later  I  found  very  early  in  the  spring,  female  gall 
flies  ovipositing  in  the  undeveloped  buds  of  the  shrub  oak.  These 
flies  were  larger  than  the  females  of  C.  q.  operator,  and,  except  in 
size,  agreed  closely  with  this  species.  They  had  all  those  struc- 
tural i)eculiarilies  which  render  this  the  most  distinct  species  we 
have.  The  oaks,  where  these  insects  were  found,  produced  fine 
woolly  galls  that  year,  but  I  found  on  thein  no  other  kinds. 

The  same  season  Prof.  C.  V.  Riley  reared  female  gall  flies  from 
some  of  the  acorn-cup  galls  which  he  and  1  had  collected  more 
than  eighteen  months  before.  These  flies  agreed  in  all  respects  — 
size,  form,  color,  and  time  of  appearance — with  those  I  bad  taken 
in  the  act  of  ovipositing  in  the  oak  buds. 

The  history  of  this  species  briefly  told  is  as  follows  : — 

Two  entirely  dissimilar  forms  of  gall  —  one  aflfecting  the  buds  of 
the  oak  which  develop  into  woolly  masses  filled  with  larval  cells, 
from  which  insects  of  both  sexes  are  produced  in  great  numbers 
about  three  months  after  the  eggs  are  deposited,  the  other  pip- 
like galls  formed  in  the  acorn  cups  of  the  same  species  of  oak, 
which,  so  far  as  yet  known,  produce  only  female  insects  after  the 
long  period  of  twenty-one  months  from  the  laying  of  the  eggs. 

Another  species  (probably  C.  q.  batata  Bassett,  though  found 
on  another  species  of  oak),  which  I  have  carefully  observed  every 
year  for  the  last  twelve  or  fifteen  years,  produces  each  year  two 
generations  —  one  of  which  is  from  galls  aflTecting  the  midveinof  the 
leaves  of  Q.  hicolor,  and  which  consists  of  male  and  female  insects  ; 
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and  the  otlior  iVoiii  tiil)or-like  swellings  of  the  on<ls  of  tiie  twigs  of 
llie  .san)e  oak,  and  which  consists  entirely  of  females.  In  this  case 
ns  in  that  of  C.  q.  operator,  the  galls  are  totally  unlike,  l»nt  the  fe- 
males of  the  two  generations  are  absolutely  undistingiiishable. 

I  have  reared  many  thousands  of  both  generations.  The  insects 
from  the  leaf  galls  appear  the  last  of  June,  and  are  about  three 
months  in  coming  to  maturity  ;  the  others  are  nearly  mature  at  the 
beginning  of  winter,  but  remain  in  the  galls  till  the  following 
spring. 

Early  this  present  year  a  German  entomologist,  Dr.  Adler  of 
Sehleswig,  published  a  vcr}'  interesting  paper  upon  the  Cynipidae. 
By  a  series  of  ver}'  carefully  conducted  ex[)eriments  he  has  proved 
that  at  least  seven  of  the  one-gendered  species  of  European  gall 
flies  are  represented  in  the  next  generation  b}-  both  sexes. 

Dr.  Adler's  observations,  as  far  as  they  relate  to  this  subject,  are 
briefly  stated  as  follows  : 

All  the  species  of  Nexiroterns  are  one-gendered.  Gall  flies, 
reared  from  N.  fumipennis  Hrtg.,  produced  in  the  next  generation 
Si^athegaster  cdbij^esSchk.,  $  and  9-  N.lenticxdaris  0\.  produced 
Spaihegasterhaccarxim'L.,^  and  9-  X.  nuraismafis  0\.,  Spathe- 
gaster  vesicatrix  Schlectendal,  ^  and  9  •  ^'  Iceviuscuhis  Schk. 
is  represented  in  the  next  generation  by  Spatliegaster  tricolor  Ilrtg. 
He  finds  that  Dryophanta  scutellaris  0\.=.  folii  Ilartg.,  known  only 
in  the  female  sex,  produces  in  the  next  generation  Trkjonaspis 
grustatis  Hrtg.,  which  is  of  both  sexes. 

ApJnlothrix  radicis  Fbr.,  a  one-gendered  species,  occurs  in  the 
next  generation  in  both  sexes,  and  is  known  as  Andricxis  noduU 
Ilrtg.,  and  ^lj)/u7o?/»7xsie&oZdi  Hrtg.,  also  one-gendered,  is  followed 
b3'  Andricus  testaceipes  Hrtg.,  a  two-gendered  species. 

The  first  named  five  species,  viz.,  Neuroterus  fumipennis,  N.  len- 
ticulaiis,  JV.  nximismatiSy  N.  Iceviusculus,  and  Dryoplianta  sciitellaris 
produce,  each,  two  generations  in  a  j'ear,  one  of  which  requires 
three  and  the  other  nine  months  for  the  complete  development  of 
the  individual  —  the  one  composed  of  males  and  females,  the 
other  entirel}-  of  females. 

The  two  species  of  Aphilothrix,  however,  like  our  American  C. 
q.  operator,  require,  in  one  generation  three  months,  and  in  the 
other  twentj'-one  months  for  their  full  development. 

All  these  European  one-gendered  species  differ  in  a  marked  de- 
gree from  the  females  of  the  two-gendered  broods.     This  dissimi- 
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larity  is  most  apparent  in  tiieir  size,  and  in  the  strneture  of  the 
ovipositor.  That  the  difTerences  are  reall}-  considerable  will  appear 
when  we  state  that  the  fourteen  so-called  species,  which  Dr.  Adler 
has  reduced  to  seven,  were  assigned  to  six  distinct  genera. 

That  ihe  eighteen  forms  above  named  reall}-  constitute  but  nine 
species,  will  hardly  be  questioned  —  certainly  not  by  those  who 
read  Dr.  Adler's  paper  and  notice  the  extreme  carefulness  with 
which  he  conducted  his  long  series  of  experiments. 

His  observations  also  bring  to  light  another  phase  of  C3'nipide- 
ous  life.  He  has  reared,  from  unimpregnated  females  of  RhodUes 
rosce  L.,  three  consecutive  generations  of  gall  flies,  all  of  the  same 
kind  and  all  from  the  Bedeguar  galls  which  occur  both  in  Europe 
and  America.  Both  sexes  of  this  species  are  met  with,  but  the 
males  are  so  exceedingly  rare  that  Dr.  Adler  found  only  six  or 
seven  among  as  many  hundred  females. 

Lepidopterists  find  that  this  mode  of  propagation  exists  in  that 
order,  but  to  what  extent  I  do  not  know.  I  am  under  the  impres- 
sion that  in  all  such  cases  the  reproductive  power  grows  weaker 
with  each  successive  generation,  and  finally  fails.  I  believe  that 
experiments  upon  certain  Lepidoptera  have  proved  this,  but  1  may 
be  mistaken. 

Dr.  Adler  is  engaged  in  studying  several  other  species,  and 
promises  to  publish  the  results  at  an  early  day. 

Dr.  Mayr,  of  Vienna,  is  also  at  work  upon  the  same  subject,  and 
I  have  given  considerable  attention  to  several  of  our  species  that 
evidently  belong  to  the  dimorphic  class  ;  but  my  observations  are 
as  3-et  too  incomplete  for  publication. 

In  justice  to  Dr.  Adler  I  will  here  state  that,  notwithstanding 
his  very  remarkable  discoveries,  he  still  believes  that  perpetual 
agamic  reproduction  exists.  Possibly  his  unpublished  observa- 
tions sustain  this  view,  but  the  evidence  thus  far  is  strongly 
against  it. 

\Ve  have  several  species  of  gall  flies  that  are  not  dimorphic,  but 
a!l  those  that  are  found  only  in  the  female  sex  are  no  doubt  the 
piogeniiors  of  a  generation  consisting  of  both  sexes.  But  it  re- 
mains to  be  discovered  whether  these  female  broods  alternate  with 
broods  male  and  female,  and  whether  the  periods  of  three  and  nine, 
and  three  and  ticenty-one  months  cover  the  cycle  of  change,  as  in 
the  species  thus  far  observed. 

It  is  a  fact  which  I  do  not  remember  to  have  seen  noticed,  that 
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tlic  oak  frails  which  produce  insects  of  both  sexes  are  those  which 
mature  in  the  spring  aiul  early  summer,  while  the  late  summer  and 
autumnal  kinds  as  constantly  produce  oidy  females.  This  is  true 
of  all  the  American  and  Euroi)ean  species  known  to  me.  I  cannot 
think  of  any  exceptions  to  the  rule. 

By  these  discoveries  the  present  nomenclature  of  the  Cynipidae 
becomes  a  good  deal  mixed,  and  I  see  no  easy  way  to  bring  order 
out  of  the  confusion.  That  which  needs  first  to  be  done  is  to  trace 
the  relationship  which  exists  between  each  one-gendered  and  its 
two-gendered  form,  a  difllcult  but  interesting  work. 


On  the  Respiration  of  Amia.  By  Burt  G.  Wilder,  of  Ithaca, 
N.  Y. 

In  a  brief  communication  [11]^  to  this  Association  two  years 
ago,  there  were  described  experiments  made  upon  Amia^  at  Peoria, 
Illinois,  upon  the  10th  of  July,  1875. 

These  experiments  showed  that  Amia  occasionally  exhales  bub- 
bles of  air,  and  strongly  indicated  that  each  exhalation  is  followed 
b}'  an  inhalation. 

These  acts  of  apparently  aerial  respiration  were  observed  to 
occur  more  frequently  when  the  water  was  foul,  or  had  not  been 
changed. 

During  the  present  summer  (1877)  examples  of  Amia  have  been 

'  The  bracketed  numbers  refer  to  a  list  of  works  and  papers  at  the  end  of  this  paper. 
The  first  number  designates  the  work;  the  hist  the  page:  the  middle  one.  in  Konian,  the 
volume. 

*  Amia  is  a  fre?h-\vater  fish  of  the  United  States.  It  is  abundant  in  tlio  Mississippi 
and  its  tributaries,  and  in  the  great  lakes.  It  is  not  found  in  New  England  or  eastern 
New  York,  or  west  of  tl>e  Rocky  mountains.  It  attains  a  length  of  two  feet  and  is 
called  by  fishermen  ••muii-fl:-h,"  "dog-fish."  and  •'  lake-lawyer."  Under  the  jaw  is  a 
movable  plate  which  does  not  exist  in  any  other  American  fresh-water  fl^jli.  On  each 
Bide  of  the  fleshy  isthmus,  connecting  the  tip  of  the  lower  jaw  with  the  hyoid  arch,  are 
two  serrated  appendages  which  are  nearly  if  not  finite  peculiar  to  this  fish ;  [1"2]. 

Near  the  upper  border  of  the  base  of  the  tail  is  a  round  black  spot  which  is  usually 
absent  with  the  largest  females.  Several  species  of  ^nn"a  have  been  described,  but  they 
are  probably  only  varieties  o[  A.  calva  described  by  Linnaeus  (1, 1,  500).  Amia  is  usu- 
ally regarded  as  a  (jianoid. 
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obtained  alive  and  appaientl}'  uninjnred,  from  the  northern  end  of 
Caynga  Lake  in  central  New  York.  An  opportunity  lias  thus  l)eeu 
afforded  for  more  systematic  and  extended  observations  and  ex- 
periments upon  tliis  fish.  Some  of  tlic  results  are  herewith  pre- 
sented. 

As  the  aerial  respiration  is  undoubtedly  accomplished  by  means 
of  the  air-l)ladder,  the  structure  and  relations  of  this  organ  must 
first  be  described. 

The  air-bladder  of  Amia  is  a  median  sack  extending  the  whole 
length  of  the  abdomen.  The  posterior  extremity-  is  rounded. 
Anteriorly  it  terminates  in  two  conical  projections  or  horns,  be- 
tween wliicii  is  the  longitudinal  glottis  by  which  it  communicates 
■with  the  dorsal  side  of  the  alimentary  canal. 

Tlie  cavity  of  the  air-bladder  is  so  much  subdivided  that  Cuvier, 
[3]  and  others,  compared  it  with  the  lung  of  a  reptile.  It  is  in 
fact  more  lung-like  than  the  lungs  of  salamanders  and  frogs. 
Moreover,  as  was  also  remarked  by  Cuvier  and  Valenciennes 
[2,  XIX,  409],  this  cellular  network  is  traversed  by  fine  ramifica- 
tions of  blood-vessels.  Under  the  microscope,  the  capillary  plexus 
presents  a  beautiful  appearance. 

The  disposition  of  the  vascular  trunks  has  been  figured,  and 
briefl\'  described  by  Franque  [5,  8,  and  fig.  4].  On  each  side  are  a 
large  artery  and  vein.  The  artery  according  to  Franque  [5], arises 
from  the  last  (fourth)  branchial  vein  or  epibranchial  artery.  "The 
veins  empty  into  the  venous  trunks  of  the  bod^'." 

In  five  fresh  examples  injected"'  and  carefully  dissected,  the  ar- 
rangement is  as  follows.  The  first  and  second  ei)ibrauchials  are 
continued  directly  into  the  aorta.  The  third  divides  into  two 
nearly  equal  portions.  One  part  opens  into  the  aorta  on  the  left 
side,  on  tiie  right  into  the  commencement  of  the  caeliac  artery. 
The  other  part,  which  is  the  more  direct  combination  of  the  trunk, 
passes  backward,  and  is  joined  by  the  entire  epibranchial  of  the 
fourth  gill.  The  trunk  so  formed  is  the  arter}^  of  the  air-bladder. 
Its  size  equals  that  of  the  aorta  after  the  giving  off  of  the  caeliac 
artery,  and  also  that  of  the  caeliac  artery  itself. 

So  far,  therefore,  as  may  be  inferred  from  the  relative  diameters 
of  the  vessels,  the  air-bladder  maj'  receive,  through  its  two  arte- 

'These  injections  were  made  by  my  laboratory  ass^istant,  Instructor  S.  H.  Gage, 
•whom  I  have  to  thank  also  for  very  accurate  observations  of /imiaduriug  several  hourg 
of  iiiy  absence. 
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rics,  a  volume  of  blood  equal  to  that  wliicli  the  aorta  aiul  cjuliac 
artery  carry  to  the  trunk  and  abdominal  viscera. 

Tiie  eirerent  vessels,  or  veins,  of  tlie  air-ldadder  open  into  llie 
sinuses  of  Cuvier  nearer  the  heart  than  ilo  the  great  cardinal  veins 
of  the  tiunk.'* 

The  air  bladder  lies  between  the  spine  and  the  alimentary  canal  ; 
and  on  each  side  is  a  sheet  of  striated  muscle,  consisting  of  two 
layers  crossing  each  other  like  the  internal  and  external  oblique 
muscles  of  the  abdomen  of  mammals.  This  muscular  sheath  no 
doubt  serves  to  compress  the  air-bladder.  No  arrangement  for  its 
expansion  has  been  detected,  and  the  experiments  indicate  that  the 
air  is  forced  backward  from  the  mouth  into  the  air-duct,  by  move- 
ments of  the  jaw,  hyoid  apparatus,  and  sides  of  the  mouth  similar 
to  those  b}'  which  water  is  drawn  in  and  pressed  backward  in  or- 
dinary branchial  respiration.  While  inhaling, the  branchial  arches 
are  closeh'  approximated,  and  the  opercula  are  closed. 

It  is  not  strange  that  the  anatomical  peculiarities  above  de- 
scribed suggested  to  authors  a  respiratory  function  of  the  air- 
bladder.  Cuvier  and  Valenciennes  observe  [2,  409]  that  one  is 
led  to  believe  that  the  organ  is  not  disconnected  with  the  respira- 
tion of  the  fish.  Again,  [2,  401]  in  commenting  upon  the  reports 
that  Amia  is  capable  of  living  in  the  mud  and  of  withstanding 
deprivation  of  water,  like  certain  Indian  fishes,^  the  same  authors 
suggest  that  in  place  of  a  special  apparatus  connected  with  the 
gills  (as  in  most  of  those  forms),  the  air-bladder  of  Amia  may 
satisfy  the  needs  of  respiration,  and  add  '•  il  faut  esperer  que  de 
nouvelles  observations,  et  surtout  celles  que  nous  sommes  en  droit 
d'attendre  de  Tactivitc  et  de  la  sagacite  de  M.  Agassiz,  viendront 
repondre  a  ces  questions  ;"  [2,  411]. 

It  does  not  appear  that  the  late  Prof.  Agassiz  made  any  observa- 
tions upon  Amia,  or  that  he  connected  the  exhalation  of  air,  by 
Lejyidosteus,  with  any  true  respiratory  office  of  tlie  air-bladder  ; 
[4,  as  also  quoted  by  me  in  11,  151].     Indeed  I  am  not  aware  that 

*  It  would  be  easier  to  speak  of  these  large  vessels  of  tlie  air-bladder  as  tlie  pulmo- 
nary arteries  and  veins;  but  this  would  assume  the  entii'ehomolog.v  of  the  air-bladder 
of  li^^hes  with  the  lungs  of  Amphibia,  Reptiles,  Birds  and  Mammals.  Fully  believinsf 
myself  in  this  homology,  1  think  that  a  much  more  complete  knowledge  of  the  flevelop- 
ment  of  tlic  air-bladder  its  vascular  and  nervous  supply,  and  the  position  of  the  duct, 
is  needed  in  order  to  convince  some  of  its  morphological  identity  with  the  lungs. 

'Experiments  upon  several  Indian  fishes  aie  recorded  by  Boake  [7],  Day  [8]  and 
Dobson  [9]. 
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experiments  like  tliose  now  to  be  describeil  have  been  pcrfoiraetl 
with  any  fish. 

That  Amia  not  only  exhales,  but  also  inhales  air,  was  indicatod 
by  the  Peoria  observations.  Proof  of  inhalation  was  obtained  in 
two  ways  daring  the  present  summer. 

The  fisli  was  placed  in  a  tub  of  water  and  a  bell-jar  full  of  water 
was  suspended  by  a  cord  with  its  edge  just  under  the  surface. 
When  tlie  fish  ascended,  the  jar  was  moved  so  as  to  compel  him  to 
rise  into  it.  The  exhaled  air  collected  in  the  top  of  the  jar.  The 
fish,  after  making  apparent  efforts  to  inhale,  descended.  A  few 
minutes  later  he  ascended  and  exhaled  a  smaller  amount,  then  de- 
scended as  before.  At  a  third  ascent,  the  volume  of  air  in  the  re- 
ceiver was  decidedly  diminished,  showing  that  the  fish  had  inhaled 
it. 

A  funnel  was  then  suspended  within  the  jar  so  that  the  fish  could 
not  reach  the  air  in  the  top.  It  was  then  found  that  unless  the  fish 
was  allowed  to  reach  the  surface  of  the  water  at  alternate  ascents, 
little  or  no  air  was  exhaled. 

The  conclusion  was  that  the  complete  respiratory  action  involved 
not  only  exhalation  but  inhalation. 

Experiments  are  now  in  progress  to  ascertain  whether  the  in- 
haled air  is  diminished  or  increased  in  bulk. 

The  aerial  respiratory  actions  are  more  frequent  when  the  tfater 
is  imperfectly  aerated.  This  was  noticed  at  Peoria.  Repeated  ob- 
servations have  been  since  made,  but  one  will  suflfice  as  an  example. 

An  Amia  weighing  about  300  grams  was  placed  in  a])out  two 
pailfuls  of  fresh  water,  at  7.15  p.  m.  He  did  not  rise  for  air  until 
10.10  ;  then  he  rose  again  at  10.37  and  10.40. 

Having  remained  in  the  same  water  until  the  following  evening 
he  was  observed  to  rise  at  7.45,  7.52,  7.54,  7.57,  etc. ;  the  water 
was  then  aerated  b}'  agitation,  and  the  fish  did  not  ascend  for  55 
minutes. 

The  amount  exhaled. —  This  was  ascertained  by  connecting  the 
larger  end  of  a  graduated  burette  with  the  smaller  end  of  a  funnel 
by  means  of  a  rubber  tube,  and  suspending  it  filled  with  water, 
over  the  fish.  The  exhale<l  air,  with  an  example  weighing  295 
grams,  varied  from  5^  to  31  cubic  centimetei;s  ;  the  average  of  23 
measurements  was  13. 

The  exhaled  air  contains  carbonic  acid. —  By  means  of  the  funnel 
and  burette,  the  exhaled  air  was  readily  collected  for   analysis. 


:no 
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The  examination  of  Uk!  hicatli  fust  ol)(:iiinMl  was  made  l)y  In- 
structor W.  II.  Kent,  of  the  Chemical  Department  of  Cornell 
Universitv  with  the  following  result: 


ANALYSIS. 

CUB.  CENTS. 
EXAMINED. 

PERCENTAGE  OF 
CARBONIC  ACID. 

1 

87.54 

3.42 

2 

85.34 

3.39 

3 

91.54 

3.38 

AVERAGE, 

3.397 

It  appeared  from  this  analysis  that  the  breath  of  Amia  might 
contain  more  than  three  per  cent,  of  carbonic  acid.  Now  the 
average  per  cent,  in  human  breath  is  only  four,  and  the  amount  of 
change  with  a  fish  would  presumabl}'  be  less.  Moreover,  there 
were  reasons  for  believing  that  the  air  first  examined  did  not  rep- 
resent normal  breath.  In  the  first  place,  as  the  fish  descends  after 
inhaling,  some  of  the  air,  forced  backward  from  the  mouth  by  the 
approximation  of  its  walls,  escapes  from  the  opercular  fissure. 
This  "waste"  is  apt  to  rise  into  the  receiver  and  mingle  with  the 
breath.  The  effect  of  this  would  be  to  reduce  the  percentage  of 
carbonic  acid.  To  avoid  including  the  waste,  the  funnel  was 
lowered  to  the  bottom  as  soon  as  the  fish  bad  exhaled  and  de- 
scended, so  that  when  it  again  rose  for  inhalation  and  descended, 
no  escaping  bubbles  could  find  their  way  into  the  funnel. 

In  the  second  place  the  fish  often  holds  its  breath  for  a  consid- 
erable time  after  the  usual  interval  has  passed.  Breath  so  held 
would  presumably  contain  more  carbonic  acid.  In  order  to  obtain 
normal  breath,  the  fish  was  observed  for  some  time  in  order  to 
ascertain  the  usual  respiratory  interval  in  water  of  given  purity. 
Then,  at  the  close  of  such  an  interval,  the  funnel  was  moved  over 
the  fish.  If  he  ascended  and  exhaled,  the  breath  was  presumed 
to  be  normal.  But,  if,  instead  of  exhaling  then,  he  descended,  the 
experiment  was  discontinued  for  the  time  being.  By  repeating  the 
experiment  at  intervals  of  one  or  more  days,  the  breath  could 
usuall}'  be  obtained  at  the  first  ascent.     But  if  made  moi-e  fre- 
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quently  the  fish  seemed  to  renieniber  how  inconvenient  it  was  to 
exhale  under  water  without  being  able  to  inhale  at  the  same  time, 
and  would  make  manj-  eflbrts  to  avoid  the  funnel. 

The  normal  breath  so  obtained  has  been  analyzed  b^'  Prof.  A. 
A.  Brenneraan,  of  Cornell  University.  He  finds  always  rather 
more  than  1  per  cent,  of  carbonic  acid.  But  much  more  of  the 
oxygen  has  disappeared  than  can  be  accounted  for  by  that  amount 
of  acid.  Prof.  Brenneman  prefers  that  the  analyses  already  made 
should  be  regarded  as  provisional,  and  hopes  to  present  full  and 
complete  results  hereafter.^ 

Since  Moreau  has  foutid  [10]  that,  with  perch  slowly'  aspli3'x- 
iated  in  a  small  quantity  of  water,  all  the  oxygen  has  disappeared 
without  the  addition  of  a  corresponding  amount  of  carbonic  acid, 
we  may  infer  that  with  Amia  the  gas  is  partl^^  excreted  by  the 
gills. 

Amia  displays  great  powers  of  endurance  of  deprivation  of  icater. 
On  one  occasion  a  fish  was  kept  out  of  water  for  an  hour  and  five 
minutes  without  apparent  discomfort  or  injury'.  During  most  of 
the  time  the  opercula  were  tightly  closed,  but  there  were  regular 
movements  of  the  jaw,  hyoid  apparatus  and  sides  of  the  mouth. 
Upon  this  matter  of  endurance  experiments  are  still  in  progress. 
Meantime  it  is  to  be  noted  that  since  the  air-bladder  can  receive 
blood  onl}'  through  the  gills,  these  latter  must  be  kept  constantly 
moist. 

Man}'  other  experiments  suggest  themselves,  and  will,  in  course 
of  time,  be  performed. 

The  water  itself  should  be  examined  before  and  after  the  fish 
has  lived  in  it  for  a  certain  time. 

The  blood  carried  to  and  from  the  air-bladder  must  be  observed 
as  to  color  and  composition,  and  amount  both  when  inhalation  is 
fre(iuent,  and  at  longer  intervals. 

By  using  two  funnels,  one  for  exhalation,  and  one  for  inhalation, 
much  may  be  ascertained  as  to  the  relative  amounts  exhaled  and 
inhaled,  and  the  changes  which  are  brought  about  in  the  body. 

By  securing  the  opercula,  and  introducing  a  tube  through  the 
mouth  into  the  air-bladder,  artificial  respiration  maj'  be  carried  on. 

•It  is  proper  to  state  that  the  flsh  eat  little  or  nothing  ilnring  several  weeks  of  the?e 
experiments.  In  the  absence  of  the  cray-fish,  which  seem  to  be  its  usual  food,  the  little 
cral)S  found  in  oysters  are  readily  taken  by  Amia.  A  small  example  also  took  bits  of 
chicken's  liver.    Both  large  and  small  readily  devour  tadpoles. 
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"NVIkmi  Amia  is  kept  out  of  water,  the  vessel  should  be  closerl, 
and  Iho  air  analyzed.  The  air-duct  should  also  be  closed  in  order 
to  dolenniiK'  how  far  the  moist  gills  alone  are  capable  of  carrying 
on  respiration. 

It  is  obvious  that  for  the  convenient  performance  of  these  and 
other  experiments  a  fish  must  be  of  a  moderate  size,  hardy,  and 
indisposed  to  bite. 

All  these  advantages  are  presented  b}'  the  Amia,  and  I  suggest 
to  those  who  live  where  the  fish  is  abundant  the  complete  investi- 
gation of  its  habits,  as  well  as  of  its  development  concerning 
wliich  at  present  nothing  is  known,  the  smallest  example  hitherto 
obtained  being  5  cm.  (about  2  inches)  in  length  ;  (12,261,  and  fig. 

SUMMARY. 

1.  Amia  has  a  large,  cellular,  and  vascular  air-bladder,  and  a 
large  air-duct. 

2.  The  afferent  vessel  upon  each  side  is  formed  b}'  the  union  of 
half  the  third  epibranchial  vessel,  with  the  entire  fourth  epi- 
branchial.  The  trunk  so  formed  is  as  large  as  either  the  aorta 
or  caeliac  artery. 

3.  The  efferent  vessel  on  each  side  opens  into  the  sinus  of 
Cuvier,  nearer  to  the  heart  than  the  cardinal  vein. 

4.  That  the  air-bladder  of  Amia  might  be  employed  for  respi- 
ration, has  been  suggested  by  Cuvier  and  Valenciennes,  and 
others,  but  no  experiments  seem  to  have  been  recorded. 

[).  Exhalation  of  air  is  obvious.  Inhalation  is  proved  in  sev- 
eral ways. 

G.  Air  is  probably  inhaled  ])y  first  enlarging,  then  suddenly  di- 
minisliino-  the  capacity  of  the  mouth.  Exhalation  is  probably  due 
to  the  contraction  of  the  sheath  of  striated  muscle  on  both  sides 
of  the  air-bladder. 

7.  The  amount  of  air  exhaled  by  a  medium  sized  fish  (about 
300  cm.  long)  varies  from  5^  to  3 Ice.  ;  the  average  of  23  meas- 
urements is  13  cc. 

8.  The  exhaled  air  (of  a  fasting  fish)  contains  at  least  1  per 
cent,  of  carbonic  acid.  The  deficiency  of  oxygen  suggests  that 
some  more  acid  is  excreted  by  the  gills. 

9.  The  aerial  respiratory  actions  vary  in  frequencj-  according  to 
the  defjree  of  aeration  of  the  water.  In  very  stale  water  the  inter- 
vals are  about  three  minutes. 
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10.  Amia  withstands  deprivation  of  water  longer  tlian  ordinary 
fishes.  It  is  hardy  and  gentle,  hence  peculiarly  adapted  for  experi- 
mentation. 
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Ladies  anu  Gentlemkn: — 

The  liouor  wliieli  3011  have  confeiTcd  upon  me  in  electing  me 
<'liairm;in  of  tlio  subsection  of  Antliropoloiry,  imposes  on  me  the 
duty  of  delivering  an  opening  aildress  on  some  suiiject  relating  to 
the  s[)ecial  olyects  of  study  to  wliich  your  researches  are  directed. 
I  greatly  regret  that  tlie  protracted  effects  of  an  accident,  from 
which  I  am  still  sulfering,  have  prevented  me  giving  the  requisite 
time  and  study  to  the  preparation  of  an  address  worthy  of  the 
snl)jcct,  and  of  the  audience  to  which  it  has  to  be  presented.  I 
must,  therefore,  throw  myself  on  your  kind  indulgence,  and  trust 
that  the  varied  character  and  high  interest  of  the  papers  to  be 
communicated  to  this  subsection,  will  atone  for  all  deficiencies  at 
its  o|)ening. 

By  the  establishment  of  a  permanent  subsection  of  Anthropology 
in  the  A.  A.  A.  S.,  the  growing  importance  of  this  attractive  de- 
partment of  science  has  received  a  just  recognition,  which  cannot 
fail  to  give  fresh  stimulus  to  research.  In  its  most  comprehen- 
sive aspects  Anthropology'  includes  the  old-fashioned  labors  of  the 
antiquaiy  in  their  later  development  into  a  science  of  Archaeology  ; 
it  embraces  all  that  pertains  to  that  common  ground  of  the  geolo- 
gist and  archaeologist  in  the  more  recent  strata  in  which  man  and 
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tlio  traces  of  his  piiinitivc  arts  are  believed  to  occur  in  situ  ;  j-et 
at  llie  same  time  it  deals  mainly  with  a  class  of  evidence  peculiarly 
its  own.  Tiie  extinct  life  of  geological  periods  reveals  itself  to 
the  instructed  eye  of  the  paheontologist  chiefly  by  means  of  the 
actual  lussil  remains.  Or  if  to  these  have  to  be  added  illustrations 
of  habits,  food,  structure,  etc.,  such  as  are  supplied  by  means  of 
gnawed  i)ones  in  the  cave-resorts  of  carnivora,  coi)rolites,  footprints, 
and  the  like  sul)sidiary  evidence  :  still  all  are  traceable  directly  or 
intlirectly  to  the  living  organism.  But  with  man  it  is  otherwise. 
His  [)resence  is  manifested  as  tlie  contemporaiy  of  such  ancient 
life,  indei)endently  of  all  traces  of  his  actual  remains  by  means 
of  the  works  of  his  hands  ;  and  thus  the  study  of  the  archaeologist 
becomes  an  ingenious  process  of  induction,  when  emploj'ed  to 
determine  the  social  habits,  the  culture,  and  the  intellectual  and 
moral  characteristics,  of  races  of  men  which  had  passed  away  long 
before  the  very  dawn  of  histor}'.  But  the  science  of  Anthropology 
also  comprehends  the  common  ground  of  biology  and  physiolog}', 
in  which  man  takes  his  place  along  with  all  other  animals,  as  a 
subject  of  natural  history.  The  physical  structure  of  the  savage 
as  compared  with  civilized  races,  and  of  the  oldest  osteological 
traces  of  man  with  both,  are  legitimate  subjects  of  investigation. 
Crauiology,  and  other  branches  of  comparative  anatomy,  in  like 
manner  come  under  review,  first  in  the  comparison  of  races,  in 
reference  to  the  diverse  varieties  of  man  ;  and  next  in  the  study 
of  the  analogies  of  the  Anthropomorpha  with  the  Authropidae,  as 
represented  by  the  single  genus  and  species  Man. 

In  the  older  classifications  of  the  naturalist,  the  aim  has  been 
to  determine  for  Man  a  place  in  the  system  of  nature  which  shall 
give  distinct  recognition  to  his  moral  and  intellectual,  as  well  as 
to  his  physical  attributes.  The  Bimana  of  Cuvier  and  Blumen- 
bach,  and  other  schemes  of  a  like  kind,  which  for  the  present  have 
fallen  into  disfavor,  had  this  in  view.  But  while  it  is  legitimate 
for  the  naturalist  in  treating  of  man  as  a  vertebrate  animal,  to 
take  into  consideration  his  physical  structure  alone  ;  it  is  not  only 
not  unphilosophical  to  look  beyond  this  to  the  physical  elements 
of  his  being;  but  it  is  indispensable,  that  the  anthropologist  ever 
keep  in  view  the  double  nature  of  man.  That  man  is  an  animal  is 
unquestionable  ;  but  that  he  is  something  more  is  assumed  in  the 
very  simple  axiom  which  constitutes  the  basis  of  the  whole  argu- 
ment for  the  antiquity  of  Man.      The  constructive  instincts  of 
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beast,  bird,  crustacean,  insect,  ami  zoophyte,  furnish  eniUess  sub- 
jects for  admiring  study  ;  yet  so  thorouglily  is  the  use  of  tools 
recognized  as  the  excUisive  attribute  of  man,  tliat  the  discovery 
in  the  glacial  drift,  or  cave-breccia,  of  a  single  artificially  fashioned 
flint  or  stone  —  chipped  though  it  may  be  into  rudest  form  —  is 
sufficient  to  satisfy  the  geologist  of  the  contemporaneous  presence 
of  man.  Hence,  while  it  is  convenient  to  keep  apart  from  the 
elements  of  physical  structure  all  those  evidences  which  relate  to 
mental  phenomena,  a  very  inadequate  conception  of  man  must  be 
formed  if  the  latter  are  excluded  from  our  estimate  of  him. 

But  it  is  one  of  the  curious  and  unexpected  results  of  the  great 
revolution  in  biological  science  consequent  on  the  recognition  of 
a  continuity  of  succession  of  forms  of  life,  as  based  on  the  hy- 
pothesis of  evolution,  that  such  distinctive  elements  of  mental 
phenomena  as  are  embraced  under  the  heads  of  psychology,  soci- 
ology, etc.,  are  no  longer  absolutely  limited  to  man.  In  the  com- 
prehensive inquiries  to  which  the  novel  teachings  of  evolution  have 
given  rise,  the  germs  of  man's  intellectual  and  moral,  as  well  as  of 
his  physical  attributes,  are  being  sought  for  in  the  instincts  and 
habits  of  the  lower  animals :  and  the  phenomena  of  social  life 
which  they  exhibit  have  acquired  a  novel  interest  from  their  sup- 
posed bearing  on  the  sources  of  highest  mental  and  moral  develop- 
ment. 

The  result  of  such  researches  tends  more  and  more  to  diminish 
the  number  of  characteristic  attributes  previously  adduced  as  the 
basis  of  a  true  definition  of  Man.  Blumenbach  reduced  his  earlier 
and  more  comprehensive  characteristics  into  the  two  very  simple 
elements  of  the  '■'■ayiimal  erectum,  himanum."  But  the  order  of 
Bimana,  subsequently  adopted  by  Cuvier  for  the  human  family, 
is  already  rejected,  in  spite  of  such  high  authority.  Owen,  again, 
—  looking  to  the  brain  as  the  organ  of  Man's  grand  inheritance, 
reason,  —  songht  to  determine  for  him  a  classification  distinct  from 
the  other  Primates,  and  from  the  Mammalia  generally,  under  the 
term  Archencephala;  but  the  proposed  sul)-class,  after  protracted 
discussion  among  the  most  eminent  anatomists  and  physiologists, 
has  in  like  manner  been  abandoned. 

It  thus  becomes  ever  more  difficult  to  select  the  special  charac- 
teristics which  shall  supply  a  definition  exclusively  applicable  to 
Man.  He  has  been  styled  the  tool-using,  and  the  tool-making 
animal ;  the  fire-using  animal ;  the  cooking  animal,  etc.      There 
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is  one  attril)nte  which  still  seems  to  l)c  his  right ;  and  which  per- 
tains to  the  source  of  all  those  cliirerentiations.  We  popularly 
use  such  terms  as  the  irrational  creation,  the  brute  creation,  ra- 
tional beings,  etc. ;  accepting  reason  as  the  primary  distinctive  char- 
acteristic of  Man.  Yet  even  in  this  he  is  now  denied  an  exclusive 
heritage  ;  nor  is  it  now,  for  the  first  time,  that  some  exercise  of  a 
reasoning  faculty  is  recognized  as  pertaining  to  tiie  lower  animals, 
rhysically,  mentall}',  and  morally,  the  ground  within  which  he  has 
seemed  to  be  intrenched  beyond  reach  of  encroachment  by  the 
lower  orders  of  animate  nature,  seems  to  give  way.  But  there 
remains  one  specialty  indisputably  his  own.  We  habitually 
designate  all  other  living  creatures  as  dumb  animals ;  discrimi- 
nating in  this  between  the  inarticulate  cries  of  the  lower  animals, 
and  the  intelligent  utterances  of  human  speech.  Hence  the  legiti- 
mate selection  of  language  as  the  most  essential  and  unvarying 
index  of  Man.  No  race  of  men  has  ever  been  found  devoid  of 
language.  No  other  animal  has  ever  been  known  to  possess 
language  in  its  most  rudimentary  form.  We  have,  indeed,  speech 
in  a  certain  sense,  in  the  parrot,  the  starling,  etc. ;  but  this  is  no 
more  than  another  phase  of  the  capacity  for  imitating  sounds, 
familiar  to  us  in  the  natural  imitations  of  the  mocking  bird, 
and  dependent  in  part  on  physical  structure.  Neither  in  the  one 
case  nor  in  the  other,  are  the  sounds  symbols  of  thought,  or  vocal 
signs  of  objects  or  ideas. 

Hence  one  of  the  highest  branches  of  Anthropolog}'  is  the 
Science  of  Language.  The  researches  into  the  sources  and  nature 
of  speech,  and  into  the  Science  of  Language,  which  have  been 
pursued  by  the  foremost  among  the  philologists  of  Europe  for  up- 
wards of  half  a  centur}^  have  opened  up  novel  lines  of  inquiry 
not  less  fascinating  than  tlie  most  brilliant  discoveries  of  the  age. 
But  America  has  its  own  special  department  in  this  great  work,  in 
the  languages  of  a  continent,  isolated  for  unnumbered  centuries  ; 
and  left  to  develop  its  own  philological  characteristics  uninfluenced 
by  any  of  the  sources  which  have  affected  the  structure  of  lan- 
guages of  the  Old  World  within  the  historic  period. 

Professor  Max  Mijller  has  drawn  attention  to  the  tendency  of 
the  languages  of  America  towards  an  endless  multiplication  of 
distinct  dialects.  Those  again  have  been  grouped  by  the  synthetic 
process  of  Hervas  into  eleven  families  ;  seven  for  our  northern 
continent,  and  four  for  South  America.      But  much  yet  remains  to 
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be  done  in  this  important  department.  One  able  English  compara- 
tive philologist,  Mr.  Ihde  Clarke,  invites  attention  to  a  singularly- 
fascinating  line  of  research,  in  his  ''Khita  and  Khita- Peruvian 
Epoch."  Tracing  the  progress  of  his  Sumerian  Race  —  from  the 
union  of  which  with  the  Semites  he  derives  the  ethnological  pecu- 
liarities of  the  Jews, —  he  assigns  an  interval  of  four  thousand 
years  since  their  settlement  in  Babylonia  and  India.  In  like 
manner,  on  the  assumption  of  their  migration  from  a  common 
centre  in  High  Asia,  which  the  division  of  Western  and  Eastern 
Sumerian  in  pronouns  and  other  details  is  thought  to  indicate ; 
it  appears  probable  that  Peru  may  have  been  reached  b}'  a  migra- 
tor}'  wave  of  earliest  movement  from  four  to  five  thousand  years 
ago  ;  though  Mr.  Hyde  Clarke  conceives  that  it  is  quite  within 
compass  that  the  same  great  wave  of  migration,  by  which  India 
and  Babylonia  were  reached,  continued  to  propagate  its  centrifugal 
force  ;  and  by  its  means  Peru  was  reached  within  the  last  three 
thousand  years. 

The  system  of  Agassiz,  based  on  his  idea  of  natural  provinces 
of  the  Animal  "World,  and  their  relation  to  different  t3'pes  of  Man, 
favored  the  idea  of  various  native  American  centres  within  which 
the  diverse  varieties  of  American  Man  originated  ;  and  from  whence 
they  had  been  distributed  over  the  entire  continent.  This  idea 
proved  acceptable  for  a  time  to  American  ethnologists,  advanced 
as  it  was  on  such  high  authority,  and  with  some  specially  seduc- 
tive arguments  in  its  favor.  But  the  progress  of  science  has 
effected  a  total  revolution  in  reference  to  this  question.  The  idea 
of  a  plurality  of  origin,  and  of  a  number  of  distinct  races  of  Men, 
was  in  harmony  with  the  popular  process  of  an  endless  multiplica- 
tion of  species  throughout  the  entire  animal  kingdom.  Hence  it 
found  favor  for  a  time  in  the  speculations  of  science,  and  was 
even  dogmatically  advanced  as  one  of  its  indisputable  truths. 
But  already  the  leadings  of  scientific  induction  point  in  a  wholly 
different  direction,  tending  to  the  more  comprehensive  unity  which 
embraces  all  men  in  the  descent  from  a  centre  common  to  them 
•with  other  animals. 

It  is  sufficient  for  our  present  purpose  to  note  that  the  abroga- 
tion of  a  system  which  recognized  in  the  Man  of  America  a  being 
primarily  distinct  in  origin  from  all  races  of  the  Old  World,  leaves 
us  free  to  follow  out  the  interesting  inquiries  suggested  by  appar- 
ent relations  between  the  native  languages  of  this  continent  and 
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those  of  ancient  Asia  and  Africa,  unencumbered  by  conflicting 
elements  of  scientiDc  classification.  Assuming,  for  the  sake  of 
argument,  that  a  common  Turanian  population  of  Asia  and  America 
separated,  let  us  sa^-,  four  thousand  years  ago :  the  phenomena 
exhibited  in  the  extreme  i)olysynthetic  characteristics  of  many  of 
the  native  languages  of  this  continent  as  compared  with  the  agglu- 
tination of  the  Turanian  languages  of  Asia,  furnish  a  subject  of 
investigation  not  less  interesting  to  American  students,  alike  of 
the  Science  of  Language,  and  of  the  whole  comprehensive  ques- 
tions which  Anthropology  embraces,  than  the  relations  of  the 
Romance  Languages  of  Europe  to  the  parent  Latin  ;  or  of  the  Latin 
itself,  and  all  the  Aryan  languages,  ancient  and  modern,  not  only 
to  the  Sanskrit  and  Zend,  but  to  the  indeterminate  stock  which 
furnished  the  parent  roots,  the  grammatical  forms,  and  that  whole 
class  of  words  still  recognizable  as  the  common  property  of  the 
whole  Aryan  family  of  languages.  The  Sanskrit  was  a  dead  lan- 
guage three  thousand  years  ago ;  the  English  language,  as  such, 
cannot  claim  to  have  originated  much  move  than  fourteen  centuries 
ago,  yet  both  partake  of  the  same  common  property  of  numerals 
and  familiar  terms  existing  under  certain  modifications  in  Sanskrit, 
Greek,  Latin,  German,  Slavonic,  Celtic,  Anglo-Saxon,  and  in  all 
the  Romance  Languages  of  Europe.  What  has  America  to  show, 
analogous  to  this:  not  only  of  alflnity  of  languages  within  itself, 
but  of  possible  relationship  to  languages  of  other  continents,  and 
of  elder  centuries  ? 

Gallatin  early  drew  attention  to  certain  analogies  in  the  struc- 
ture of  Polynesian  and  American  languages,  as  deserving  of  care- 
ful investigation  ;  and  pointed  out  the  peculiar  mode  of  expressing 
the  tense,  mood,  and  voice  of  the  verb,  by  affixed  particles,  and 
the  value  given  to  place  over  time,  as  indicated  in  the  predominant 
locative  verbal  form.  The  substitution  of  affixed  particles  for  in- 
flections, especially  in  expressing  the  direction  of  action  in  relation 
to  the  speaker,  is  common  to  the  Polynesian  and  the  Oregon  lan- 
guages, and  also  has  analogies  in  the  Cherokee.  We  have,  in 
truth,  to  deal  with  language  as  the  geologist  has  learned  to  do  with 
the  earth's  crust,  and  recover  from  the  aggregations  of  the  one,  as 
from  the  accumulated  strata  of  the  other,  the  records  of  a  long 
forgotten  past.  Subsequent  observations,  though  hitherto  very 
partially  prosecuted,  have  tended  to  conlirni  the  idea  of  elements 
recognizable    as    common  in    the   languages   of    Polynes^i   and 


CHAIRMAN    OF    SUBSECTION    OF    ANTHROPOLOGT.  325 

America.  This  is  specially  noticeable  in  relation  to  the  languages 
of  South  America,  as  shown  in  tlicir  mode  of  exi)ressing  the  tense 
of  the  verb  ;  in  the  formation  of  causative,  reciprocal,  potential  and 
locative  verbs,  by  affixes  ;  and  in  the  general  system  of  compound 
word  structure.  The  incorporation  of  the  particle  with  the  veibal 
root  appears  to  embody  the  germ  of  the  more  comprehensive 
American  holopbrasms.  But  here  again  while  seeming  to  recover 
links  of  connection  with  Polynesia,  it  l>ecome.s  ai)parent,  as  such 
affinities  lead  us  to  anticipate,  that  we  are  on  the  track  of  otiiers  no 
less  clearly  Asiatic.  Striking  analogies  have  been  recognized  be- 
tween tiie  languages  of  the  Deccan,  and  those  of  the  Polvnesian 
group,  in  wliicli  the  determinate  significance  of  the  formative  parti- 
cles on  the  verbal  root,  equally  admits  of  comparison  with  peculiari- 
ties characteristic  of  languages  of  this  continent.  On  tliis  subject 
the  Rev.  Richard  Garnett  remarks,  in  a  communication  to  tlie  Piiil- 
ological  Societ3',  that  most  of  the  native  American  languages  of 
which  we  have  definite  information,  bear  a  general  analog}'  alike 
to  the  Pol^'nesian  family  and  to  the  languages  of  the  Deccan,  in 
tlieir  methods  of  distinguishing  the  various  modifications  of  time  ; 
and  he  adds^:  "We  may  venture  to  affirm  in  general  terms  that  a 
South  American  verb  is  constructed  precisely  as  those  in  the 
Tamul  and  other  languages  of  Southern  India;  consisting,  like 
them,  of  a  verbal  root,  a  second  element  defining  the  time  of  the 
action,  and  a  third  denoting  the  subject  or  person." 

Such  indications  of  philological  relations  outside  of  the  Ameri- 
can continent,  are  replete  with  interest.  If  the  languages  of  South 
America  have  such  affinities  with  the  Polynesian  archipelago,  then 
also  we  may  expect  to  establish  a  like  relationship  between  the 
megalithic  sculptures  and  C3(ilop{ean  masonry  of  Peru,  and  the 
remarkable  ancient  stone  structures  and  colossal  sculpture  long 
ago  noted  by  Captain  Beechy  on  some  of  the  islands  nearest  the 
coasts  of  Chili  and  Peru  ;  and  since  then  recognized  on  others 
lying  towards  the  Asiatic  Continent.  "We  thus  seem  to  recover 
the  trail  of  an  ancient  migration  from  Asia  to  America,  of  which 
other  traces  are  not  wanting:  as  in  the  Polynesian  practice  of 
compressing  the  skull,  as  described  by  Dr.  Pickering,  and  since 
abundantl}-  confirmed  by  the  forms  of  Kanaka  skulls,  liy  follow- 
ing up  the  traces  of  this  strange  custom,  perpetuated  among  the 
tribes  on  the  Pacific  coasts  botli  of  Northern  ami  Southern  America 
to  our  own  day,  we  retrace  the  steps  of  ancient  wanderers  back- 
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ward  through  the  islands  of  the  Pacific,  to  Asia ;  and  so  to  elder 
ceiiliiries  when  the  Macrocephali  of  the  Euxine  attracted  the  ob- 
servant eye  of  Hippocrates  ;  and  became  familiar  to  Strabo,  Pliny, 
and  Pomponius  Mela. 

The  evidences  of  migration  from  the  continent  of  Asia  to  the 
islands  of  the  Pacific  are  abundant,  and  some  of  them  seemingly 
of  no  very  remote  date.  The  direct  relationship  of  existing  P0I3'- 
nesian  languages  is  not  Mongol  but  Malay  ;  but  this  is  the  intru- 
sive element  of  a  time  long  subsequent  to  the  growth  of  that 
linguistic  element  which  still  perpetuates  traces  of  Polynesian  and 
American  affinities.  The  number  and  diversity  of  the  languages 
of  this  continent,  and  their  essentially  native  vocabularies,  prove 
that  the  latter  have  been  in  process  of  development  from  a  remote 
period,  free  from  contact  with  languages  which  appear  to  have 
been  still  modelling  themselves  according  to  the  same  plan  of 
thought  in  many  scattered  islands  of  the  Pacific. 

In  attempting  to  recover  the  traces  of  ancient  history  thus  indi- 
cated, the  languages  which  seem  to  invite  special  study  are  the 
Ayraara,  the  Quichua,  and  the  Ma3a.  The  Quichua  was  the  clas- 
sical language  of  South  America,  wherein,  according  to  its  native 
historians,  the  Peruvian  chroniclers  and  poets  incorporated  the 
national  legends ;  and  which  occupied  a  place  under  Inca  rule 
closely  analogous  to  that  of  the  Norman  French  in  England,  from 
the  eleventh  to  the  thirteenth  century.  The  Maya  language,  which 
strikingly'  contrasts,  in  its  soft  vocalic  forms,  with  the  language 
of  the  nations  immediately  to  the  north  of  its  native  area,  is  that 
which  Stephens  tells  us  was  affirmed  by  Indian  traditions  among 
the  natives  of  Central  America  to  be  still  spoken  b}'  a  living  race 
in  the  region  beyond  the  Great  Sievra,  extending  to  Yi\catan  and 
the  Mexican  Gulf.  To  those  ancient  cultured  languages  of  the 
seats  of  an  indigenous  civilization  on  this  continent,  attention 
must  be  directed  anew,  with  all  the  latest  appliances  furnished  in 
the  new  developments  of  the  science  of  language.  There,  appar- 
ently, we  have  to  look  for  an  answer  to  many  inquiries  specially 
interesting  to  ourselves  as  occupants  of  this  western  world.  If 
the  arts  of  architecture  and  sculpture,  and  the  hieroglyphic  records 
with  which  they  are  enriched,  are  modifications  of  prehistoric 
Asiatic  civilization,  it  is  there  that  the  evidence  is  to  be  looked 
for  ;  and  if  the  arts  of  the  sculptor  and  architect  were  brought  to 
this  continent  by  wanderers  from  an  Asiatic  fatherland,  then  the 
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arts  of  the  potter  and  of  the  metallurgist  are  also  an  inheritance 
from  the  old  Asiatic  hive  of  the  nations,  that  long-recognized 
cradle-land  of  the  human  race. 

In  searching  for  the  origin  of  the  peculiar  native  civilization  of 
America,  Mr.  Hyde  Clarke  employs  philology  as  his  chief  guide. 
He  takes  the  recently  deciphered  Akkad  for  llio  typical  language 
of  his  Sumerian  class.  This  he  assumes  to  have  started  probably 
from  High  Asia,  and  to  have  passed  on  to  Babylonia;  while 
another  branch  diffused  itself  b}- India  and  Indo-China,  and  thonce 
by  way  of  the  islands  of  the  Pacific  reached  America.  Hence  in 
an  illustrative  table  of  Sumerian  words  arranged  under  four  heads, 
as  Western,  Indo-Chinese,  Peruvian,  and  Mexican,  etc.,  he  re- 
marks "while  in  some  cases  a  root  may  be  traced  tliroughout,  it 
will  be  seen  that  more  commonly  the  Western  and  American  roots, 
or  types,  cross  in  the  Indo-Chinese  region."  But  he  also  recog- 
nizes another,  and  older  influence,  related  to  the  Agaw  of  the  Nile 
region,  of  which  he  discovers  traces  in  the  Guarani,  Omagua,  and 
other  languages  of  South  America ;  indicating  evidences  of  more 
remote  relations  with  the  Old  World,  and  with  the  African  conti- 
nent ;  but  which  he  conceives  to  have  been  displaced  by  a  Sumerian 
migration  by  which  the  Aymara  domination  was  established  in 
Peru,  and  the  Maya  element  introduced  into  Yucatan.  Those 
movements  are  assumed  to  belong  to  an  era  of  insular  and  elder 
Asiatic  civilization,  during  which  the  maritime  enterprise  of  the 
Pacific  may  have  been  carried  on  upon  a  scale  unknown  to  the 
most  adventurous  of  modern  Malay  navigators,  notwithstanding 
the  essentially  maritime  character  b}'  which  the  race  is  still  distin- 
guished. 

Thus  the  highway  to  the  Pacific  was  familiar  to  both  continents  ; 
and  hence  a  second  mijjration  is  recognized  in  certain  linguistic 
relations  between  the  Siamese  and  other  languages  of  Indo-China. 
and  the  Quichua  and  Aztec  of  Peru  and  Mexico.  Here  at  any 
rate  are  glimpses  of  research  in  tiie  prosecution  of  which  American 
Anthropologists  ma}' employ  their  learning  an<l  acumen  with  results 
which  shall  reveal  to  us  a  past  not  less  marvellous,  and  possessing 
a  more  personal  interest,  than  all  which  geology  has  recovered 
from  the  testimonj'  of  the  rocks.  This  is  one  of  your  legitimate 
lines  of  investigation,  singularly  fascinating  in  its  rich  promises. 
Already  the  students  of  science  are  recovering  for  us  curiotis 
glimpses  of  that  long-forgotten  era  when  the  parent  language  of  the 
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whole  Aryan  stock  wus  the  tongue  of  an  Hiicient  civilized  people,  on 
the  great  plateau  of  Central  Asia,  speaking  a  language  which  was 
neither  Sanskrit,  Greek,  German,  nor  Slavonic ;  but  which  in- 
cluded the  dialectic  germs  of  all.  In  the  remote  era  to  which  this 
points,  the  parent  stock  of  primitive  Aryans  had  realized  that 
fundamental  idea  of  settled  civilization  which  consists  in  property 
in  land  ;  luvl  made  great  progress  in  agriculture  ;  and  as  Professor 
Mux  MtiUer  says  of  them,  '•the}'  had  recognized  the  bonds  of 
blood,  and  sanctioned  the  bonds  of  marriage ;  they  invoked  the 
Giver  of  Light  and  Life  in  heaven  b}'  the  same  name  which  you 
may  still  hear  in  the  temples  of  Benares,  in  the  basilicas  of  Home, 
and  in  our  own  churches  and  cathedrals."  The  same  lines  of 
research  point  hopefully  to  future  disclosures  for  ourselves,  helping 
us  to  bridge  over  the  great  gulf,  which  separates  America  from 
that  elder  historic  and  prehistoric  world ;  and  so  to  reunite  the 
modern  history  of  this  continent  with  an  ancient  past. 

Many  other  departments  of  our  comprehensive  study  might  in  like 
manner  be  alluded  to.  I  might  fitly  refer  to  the  undesigned,  yet 
exhaustive  ethnological  experiments  which  are  being  carried  out 
on  this  continent  on  the  grandest  scale.  Here  we  witness  the 
transferrence  of  the  indigenous  population  of  Africa,  of  Asia,  and 
of  Europe,  to  a  continent  where  they  are  brought  into  new  geo- 
graphical, climatic,  and  social  conditions.  We  see  the  African  in 
the  south,  the  Chinese  on  the  Pacific,  the  Frenchman  on  the  St. 
Lawrence,  the  German,  the  Celt,  and  the  Anglo-Saxon,  all  sub- 
jected to  novel  influences,  necessarily  testing  the  results  of  a 
change  of  climate,  of  diet,  and  of  social  habits,  on  the  ethnical 
character  of  each.  Here  too,  alike  in  the  Red  and  Black  races,  we 
see  experiments  of  hj'bridity  carried  out  on  a  scale  adequate  to 
determine  many  points  involved  in  the  question  of  the  origin  and 
perpetuation  of  the  various  races  of  mankind.  Here,  too,  man 
can  still  be  studied,  as  among  the  Esquimaux,  in  a  condition 
closely  analogous  to  that  which  is  ascribed  to  postpliocene,  if  not 
to  preglacial  man.  Here  may  still  be  seen  races  practising  neo- 
lithic arts  of  a  stone  age  as  genuine  as  that  of  Europe's  prehistoric 
times  ;  on  the  other  hand,  we  witness  influences  begotten  by  the 
abrupt  intrusion  of  the  matured  arts  of  Europe  on  the  first  crude 
eflbrts  of  the  native  savage  with  the  virgin  copper  which  he  has 
learned  to  hammer  into  weapons  and  implements  to  supply  his 
needs.      Here,  too,  may  be  seen  the  infantile  rudiments  of  ideog- 
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rapliy  and  letters  in  the  symbolic  picturings  of  tlic  Indian  on  his 
biitlulo  robe  or  his  grave  post ;  and,  beyond  this  the  transitional 
stages  of  a  written  langnage,  throngh  the  pictorial  records  of 
Mexico,  the  hieroglyphics  of  Central  America,  and  even  the  lirst 
approximations  to  trne  nnnierals  and  ali>habetic  characters.  In 
all  this  I  but  glance  at  some  of  the  most  salient  points  embraced 
within  the  legitimate  work  of  this  section. 

It  is  thus  apparent  that  the  department  assigned  to  the  antiiro- 
pological  subsection  embraces  an  ample  and  varied  field  in  which 
very  diverse  talents  and  acquirements  may  be  brought  into  coop- 
eration ;  antl  made  to  converge  by  widely  separated  lines  of 
thought  and  research,  towards  the  common  centre  of  great  and 
far-reaching  truths  involved  in  the  science  of  Man.  80  compre- 
hensive a  Held  of  study  demands  for  its  elucidation  the  mastery  of 
many  distinct  branches  of  science,  and  a  comprehensive  knowl- 
edge both  of  ancient  and  modern  languages.  The  researches  of 
the  scholar  in  his  study,  of  the  archaeologist  and  geologist  in  their 
field-labors,  of  the  traveller  in  his  far-wanderings  and  of  the 
missionary  teacher  in  his  more  intimate  intercourse  with  the 
nations  of  strango  lands,  have  all  to  be  combined  with  investiga- 
tions in  other  departments  of  science  ;  while  physiology,  palteon- 
tology,  and  comparative  anatomy,  mineralogy  and  metallurgy, 
each  contributes  its  quota  towards  the  interpretation  of  the  evidence 
with  which  the  anthropologist  has  to  deal. 

But  various  causes  have  thus  far  combined  to  give  to  the 
investigations  of  the  American  anthropologist  a  character  essen- 
tially distinct  from  that  which  has  marked  those  of  his  co-laborers 
in  Europe.  In  the  earlier  stages  of  research  he  has  seemed  in 
some  respects  to  be  placed  at  a  disadvantage.  In  reality,  however, 
as  the  special  features  which  pertain  to  such  inquiries  on  this  con- 
tinent are  fully  matured,  it  will  become  apparent  that  he  enjoys 
many  advantages,  and  has  within  his  reach  some  exclusive  facili- 
ties which  may  be  expected  to  give  a  unique  character  to  American 
anthropology.  "Whether  our  object  be  to  study  the  characteristics 
of  savage  man  unaffected  by  extraneous  influences  of  civilized 
nations  ;  to  investigate  the  effect  of  the  intermingling  of  essen- 
tially diverse  races,  in  the  production  and  perpetuation  of  new 
varieties ;  or  in  the  improvement,  degeneracy,  or  sterility  of  such 
hybrid  stocks  ;  to  ascertain  the  condition  of  races  ignorant  of 
metallurgy ;    to   trace  the  processes   by    which    the   true   metal- 
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Imjjic  arts  have  been  evolved,  from  the  first  crude  working  of 
ni:illoal)lo  copper  or  lead  with  the  hammer,  to  the  tentative  inter- 
miiijilinjj;  of  copper  and  tin  in  the  crucible,  and  the  moulding  and 
casting  implements  and  personal  ornaments  of  bronze,  as  well  as 
of  gold  ;  or  lastly,  to  follow  in  the  steps  of  Humboldt,  and  inves- 
tigate the  analogies  to  ancient  Asiatic  beliefs  in  the  mythology  of 
tlie  semi-civilized  nations  of  Central  and  South  America  ;  the  indi- 
cations of  correspondence  in  their  calendars  and  astronomical  di- 
visions of  time ;  or  the  affinities  of  grammar  recognizable  in 
languages  of  the  New  and  Old  World  :  in  each  and  all  of  those 
it  will  be  found  that  we  enjo}^  as  occupants  of  this  continent, 
facilities  peculiarly  our  own. 

Our  training  for  the  work  which  this  Anthropological  subsection 
has  undertaken  is  of  itself  peculiar.  The  archaeologists  of  Eu- 
rope had  been  busied  for  centuries  in  the  elucidation  of  eariy  his- 
toric monuments  ;  and  only  during  the  present  century  passed 
beyond  that  stage  to  a  study  of  the  ruder  traces  of  primitive  art, 
and  of  the  physical  characteristics  of  unhistoric,  if  not  prehistoric 
races.  The  researches  directed  to  the  elucidation  of  the  problems 
thus  originated  were  followed  up  through  medieval,  classical, 
Assyrian,  Indian,  and  Egyptian  remains,  to  the  very  threshold  of 
that  prehistoric  period  which  forms  the  debatable  land  between 
geological  and  historical  epochs.  Indeed,  not  the  least  significant 
fact  in  reference  to  the  remarkable  disclosures  of  the  past  quarter 
of  a  century  is  that  some  of  the  most  characteristic  drift  imple- 
ments, such  as  the  flint  spear-head  found  alongside  of  a  fossil 
elephant's  tooth,  in  the  vicinity  of  Gray's  Inn  Lane,  London  ;  or 
the  large  flint  implements  of  the  same  type  from  the  drift  of  the 
"Waveney  Valley,  at  Hoxne  in  Surrey,  underlying  similar  fossil 
remains,  had  been  brought  under  the  notice  of  archaeologists,  and 
deposited  in  the  British  Museum,  upwards  of  a  century  before  the 
idea  of  the  contemporaneous  existence  of  Man  and  the  mammals 
of  the  drift  found  any  favor. 

The  conception  of  the  comprehensiveness  even  of  historical  an- 
tiquity was  long  trammelled  in  Europe  by  a  too  exclusive  devotion 
to  Greek  and  Roman  remains ;  or  by  profitless  efibrts  at  the  inter- 
pretation of  the  more  ancient  monuments  of  Egypt ;  but  the  his- 
torical relations  of  this  continent  with  the  Old  World  are  so  recent 
that  for  us  the  fifteenth  century  is  its  historical  dawn  ;  and  anything 
dating   before    the   landing  of  Columbus   has  till    very    recently 
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seemed  to  be  inconceivably  ancient.  Hence  antiquarian  specula- 
tions and  historical  research  have  been  almost  exclusively  occupied 
on  matters  of  a  very  modern  date  ;  and  great  industry  has  been 
often  proQtlessl}-  expended  in  attempts  to  establish  derivative  re- 
lations between  the  sculptures  and  hieroglyphics  of  Central 
America,  Mexico,  and  Peru,  and  those  of  ancient  Egypt.  But  in 
this,  as  in  so  many  other  departments  of  the  archaeology  and 
ethnology  of  the  New  "World,  we  want  facts  rather  than  theories. 
Much  has  been  done  in  recent  yeais  to  add  to  our  knowledge  of 
the  antiquities  of  Central  America  and  Peru.  Forbes,  Markham, 
Agassiz,  Hutchinson,  Squier,  and  others,  have  made  important  ad- 
ditions to  the  evidence  required.  Nevertheless  even  now  it  is  a 
mooted  point  whether  Central  America  has  not  yet  to  disclose,  not 
only  still  more  remarkable  ruined  cities  than  any  that  Stephens 
revealed,  but  even  inhabited  cities  where  a  native  civilization  is 
still  in  progress. 

But  the  all-absorbing  theme  of  archaeological  inquiry  at  present 
embraces  the  evidence  of  the  antiquity  of  Man.  The  palaeolithic 
disclosures  of  the  French  drift  belong  to  our  own  day  ;  and  though 
the  researches  of  Mr.  MacEnery  in  the  famous  Kent's  Hole  Cave 
bad,  fully  half  a  centur}-  ago,  brought  to  light  true  palaeolithic  flint 
implements  in  the  same  red  loam  with  the  bones  of  the  Mammoth, 
Tichorhine  Rhinoceros,  Cave  Bear,  and  other  extinct  mammalia,  it 
is  only  now  that  the  true  significance  of  the  disclosures  of  the 
ossiferous  caves  of  Europe  is  being  understood.  America  was 
indeed  little  behind  Europe  in  the  earlier  stages  of  cave  research, 
for  it  is  now  upwards  of  forty  years  since  Dr.  Lund  and  M. 
Claussen  recovered  from  limestone  caverns  in  the  Brazils,  the 
remains  of  Man  alongside  of  many  fossil  bones  of  extinct 
mammals;  and — with  special  significance  in  relation  to  more 
recent  speculations — including  those  of  extinct  genera  of  fossil 
monkeys. 

It  is  not  necessary  that  I  should  now  detail  the  isolated  and  du- 
bious illustrations  of  American  palaeolithic  art  which  have  thus  far 
rewarded  zealous  research.  Flint  implements  from  the  auriferous 
gravel  of  California  were  produced  at  the  Paris  J^xposition  of 
1855  ;  and  have  since  been  described  among  the  disclosures  of  the 
drift  in  Illinois,  Georgia,  and  California.  Still  more,  from  the 
auriferous  drift  of  the  latter  state  there  has  been  produced  to  you 
in  previous  years,  not  only  a  highly  polished  stone  plummet,  but 
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tlie  fnr  nioio  startling  disclosure  of  a  complete  human  skull.  I 
shall  iK)t  now  enter  on  a  discussion  of  the  scientific  value  of  such 
evidence.  Chance-found,  iscjluted  examples  of  flint  implements 
must  ever  be  received  with  caution,  as  evidence  of  palaeolithic  art, 
on  a  continent  where  the  indigenous  population  have  not  even  now 
ceased  to  manufacture  tools  and  weapons  of  flint  and  stone.  The 
striking  feature  of  archaeological  exploration  in  Europe  has  been 
that  the  tool-bearing  drift  has  been  determined  b}'  its  geological 
characteristics  ;  and  the  traces  of  Palseolithic  Man  are  now  sought 
for  with  the  same  confidence  as  the  well  recognized  fossils  of  any 
geological  strata. 

To  this  same  stage  of  geological  and  archaeological  systematic 
research  we  have  now  hai)pily  arrived   in    America  ;  aud  I  may 
presume    that  at  your   present  meeting   an   opportunitj'  will    be 
afforded  of  judging  of  the  significance  of  the  highly  suggestive 
discovery  of  Dr.  Chas.  C.  Abbott,  in  the  drift  of  the  Delaware 
River  Valley,  at  Trenton,  New  Jersey,  already  produced  in  the 
Report  of  the  Peabody  Museum   of  American  Archaeology  and 
Ethnology  for  the  present  year.     You  have  there   set   forth  the 
discover}^  of  data  from  which  it  is  assumed  that  man  may  be  shown 
to  have  existed  on  this  continent  during  the  process  of  formation 
of  the  great  gravel  deposits,  now  ascribed  to  glacial  action,  which 
extend  from  Labrador  as  far  south  as  Virginia,  and  are  but  one  of 
the  many  indices  of  the  Ice  Age  of  this  Western   Hemisphere. 
The  great  importance  which  attaches  to  the  discoveries  now  referred 
to,  is  due  to  the  fact  that  they  are  the  result  of  systematic  research 
based  on  the  scientific  analogies  of  European  archaeology.     The 
locality  selected  for  this  investigation  is  the  vallej'  of  the  Dela- 
ware, at  Trenton,  N.  J.     There,  Dr.  Abbott  has  found,  in  situ, 
rude  stone  implements  formed  of  a  granular  argillite,  which  he 
believes  "were  fashioned  by  man  during  the  glacial  period,  and 
were  deposited  with  the  associated  gravels  as  we  now  find  them." 
The  implements  are  of  peculiar  form,  due  in  part  to  the  material 
of  which  they  are  fashioned.     To  the  most  characteristic  of  these 
Dr.  Ablx)tt  gives  the  name  of  the  "turtle-back  celt."     But  besides 
this  class  of  rudely  chipped  stone  implements,  were  also  discov- 
ered one  or  more  flint  spear-heads,  to  which  a  like  antiquity  is 
ascribed.     Judging  from  its  material,  size,  and  configuration,  as 
indlfutcd  in  the  published  report,  the  question  of  the  contempora- 
neous origin  of  the  figured  spear-head  appears  to  me  to  require 
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careful  consideration.  Assuming,  liowever,  that  the  wliole  evi- 
dence will  be  submitted  to  the  section,  it  is  sullicient  that  I  now 
refer  to  a  subject  which  cannot  fail  to  receive  adequate  attention 
f^om  those  best  qualified  to  determine  the  true  significance  of  the 
evidence  adduced. 

It  is  an  event  which  may  be  hailed  as  a  good  omen  for  this  an- 
thropological department  of  the  scientific  work  of  tlie  Association, 
tliat  the  Peaboily  Museum  of  American  Arciiaeology  and  Eth- 
nology is  able  to  produce  such  practical  fruits  of  the  wise  patron- 
age which  it  is  enabled  to  extend  to  archaeological  research.  We 
are  but  on  the  tluesliold  of  this  young  science,  pregnant  with 
marvellous  disclosures  relative  to  the  history  of  man.  Let  us  not 
be  hasty  in  the  acceptance  of  crude  theories,  nor  rash  in  the  need- 
less overthrow  of  old  waymarks  in  the  progress  of  knowledge. 
There  is  a  danger  at  the  present  stage,  of  our  becoming  enamoured 
of  theories  just  in  so  far  as  the}'  conflict  with  hitherto  received 
opinions,  or  charm  by  reason  of  the  vastness  of  tiieir  assumptions. 
Opinion  is  advancing  with  rapid  strides.  There  is  a  danger  that 
fancy  shall  far  outspeed  fact.  I  can  remember  the  time  when,  in 
the  British  Association  for  the  Advancement  of  Science,  the  idea 
of  races  in  Britain  prior  to  the  Celta?,  was  scouted  with  scarcely 
disguised  contempt.  Now  the  tendenc}'  is  to  look  upon  tlie 
assumed  traces  of  fossil  man  in  the  Tertiary  deposits,  as  compara- 
tively recent.  On  any  hypothesis  of  evolution,  whicli  includes 
man  they  must  indeed  be  so  ;  for  the  most  ancient  well-authenti- 
cated human  crania  thus  far  discovered  help  us  in  no  degree  to  the 
recovery  of  an}-  anthropomorphic  stage  of  intermediate  transition 
from  lower  forms  of  life.  Tlie  Cro-Magnon  skulls  of  the  French 
Reindeer  period  exceed,  rather  than  fall  short  of,  tlie  cerelnul 
capacit}'  of  the  average  modern  Frenchman  ;  nor  is  the  famous 
Neanderthal  skull,  with  its  enormous  superciliary  aiciies, —  so 
suggestive  of  analogy  to  the  anthropoid  apes, — by  any  means 
deficient  in  indications  of  cerebral  development.  "We  stand  in 
need  of  ampler  evidence,  not  of  more  comprehensive  hypotheses. 
The  latter  cannot  be  received  with  too  great  caution.  Our  duty 
is,  while  honestl}'  and  fearlessly  accepting  whatever  evidence  ma}' 
offer,  and  following  out  the  leadings  of  truth  to  wliatever  results 
they  may  tend,  to  guard  carefully  against  the  adoption  of  hasty 
assumptions.  We  have  first  to  establish  beyond  all  doubt  the  facts 
of  science  ;  we  must  next  be  sure  that  our  inductions  follow  logi- 
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cally  from  such  premises.  Tlic  construction  of  startling  hj'poth- 
eses  is  at  no  time  a  matter  of  ditliculty.  It  is  otherwise  with  the 
patient,  diligent  accumulation  of  all  the  evidence  on  which  a  sound 
scientilic  induction  can  alone  be  based.  The  truths  which  we  are 
now  in  search  of  specially  demand  from  us  the  elimination  of  all 
uncertain,  still  more,  of  all  spurious  or  misleading  elements.  Truth, 
whatever  it  may  be,  must  triumph  in  the  end  ;  and  whatever  tempts 
us  to  neglect  the  calm,  philosopliic  spirit  of  inductive  research  will 
only  retaid  that  triumph.  The  work  before  you  for  j'ears  to  come 
must  be  the  accumulation  of  evidence,  the  cautious  sifting  of  it  in 
all  its  bearings,  and  the  ascertaining  what  its  teachings  really  are. 
The  work  which  has  thus  to  be  done  is  laborious  ;  but  the  truth 
when  finally  established  will  bring  with  it  its  own  abundant 
reward. 


PAPEES    READ. 


Additional  Facts  concerning  Artificial  Perforation  of  the 
Cranium  in  Ancient  Mounds  in  Michigan.  By  Henrt 
GiLLMAN,  of  "NValdo,  Florida. 

In  my  paper  entitled  •*  The  Ancient  Men  of  the  Great  Lakes," 
read  before  the  Detroit  Meeting  of  the  American  Association 
(August,  1875),  brief  mention  is  made,  in  a  supplementary  note,  of 
a  remarkable  skull  from  a  mound  at  Devil  River,  Michigan  (Lake 
Huron)  in  connection  with  the  presentation  of  two  rough  diagrams 
exhibiting  the  peculiarities  of  the  skull,  and  the  position  and  di- 
mensions of  the  perforation  by  which  it  is  distinguished. 

It  will  here  be  only  necessary  to  say  that  this  peculiar  and  ex- 
ceedingly narrow  cranium  is  imperfect,  all  of  it  except  the  upper 
portions  of  the  frontal  and  parietals  being  wanting  ;  thnt  it  affords 
the  extraordinar}-  low  cephalic  index  of  .557,  the  breadth  being 
exactlj-  4.07  inches,  the  length,  7.30  inches  ;  while  the  lengths  of 
frontal  and  parietal  are  respectively  5.10  and  5.00  inches,  and  the 
breadth  of  the  frontal,  4.52  inches.  The  parts  of  the  skull  which 
remain  are  in  an  excellent  state  of  preservation  ;  and  I  may  add 
that  the  perforation,  instead  of  being  circular,  like  that  of  all  the 
other  perforated  skulls  from  our  mounds  which  I  have  seen  (with 
one  exception,  to  which  I  shall  presently  refer),  is  elliptical  in  out- 
line. The  diameters  of  the  perforation  are  0.8  and  0.7  inch,  and 
as  if  to  heighten  the  narrow  appearance  of  the  skull,  the  greater 
diameter  is  latitudinal.  The  perforation,  as  is  without  exception 
the  case  in  all  of  our  skulls  bearing  this  distinction,  occupies  a 
central  position  at  the  top  of  the  head.  It  is  placed  upon  the 
sagittal  suture,  which  is  also  invariably  the  case  except  where 
the  Junction  of  the  sagittal  and  coronal  sutures  occupies  the  sum- 
mit of  the  vertex,  when  the  incision  is  made  at  the  junction. 

Though  all  attempts  to  arrive  at  the  precise  significance  of  this 
curious  custom  of  perforating  the  top  of  the  head  after  death  have 
hitherto  been  attended  with  most  perplexing  doubts,  the  various 
opinions  oscillating  between  the   two  extremes   of  whether   the 
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strange  observance  was  intended  as  a  distinguished  mark  of  honor 
bestowed  on  a  beloved  or  ilhistrions  individual,  or  the  stigma  of 
disgrace  attached  to  the  hated  and  overwlielnied  enemy  ;  for  sev- 
eral reasons  I  have  from  the  first  inclined  to  the  belief  that  this 
burial  ceremony  was  reserved  for  the  esteemed  or  exalted  dead. 

The  mound  at  Devil  River,  I  have  learned  through  the  Rev.  Mr. 
Pilcher,  was  formed  of  sand,  and  was  of  an  irregular  conical  shape. 
It  was  from  ten  to  fifteen  feet  liigh  above  the  surrounding  land, 
the  soil  of  which  is  gravelly.  From  this  mound,  within  two  or 
three  feet  of  the  surface,  five  skeletons  of  men  were  exhumed,  all 
with  perforated  skulls,  and  having  been  buried  in  a  standing  post- 
ure. Unlike  the  burials  in  the  Sable  River  mounds,  the  other 
bones  as  well  as  those  of  the  crania  were  present.  Beneath  the 
remains  of  those  five  individuals,  and  at  the  level  of  the  base  of 
the  mound,  and  occupying  a  central  position,  occurred  a  single 
isolated  interment  —  that  of  an  adult  man.  To  this  skeleton, 
which  was  extended  on  its  back,  with  the  head  to  the  north,  be- 
longed the  perforated  cranium  we  are  noticing,  and  which  I  have 
designated  as  the  Devil  River  skull. 

Here,  then,  we  have  an  example  of  an  individual  so  revered,  or 
of  such  rank  as  to  be  entitled  to,  or  to  have  accorded  to  him  at  his 
death,  the  special  distinction  of  having  a  memorial-mound  erected 
over  his  remains.  It  follows,  that  the  i)erforation  which  we  find 
marking  his  skull  could  scarcely  have  been  intended  as  other  than 
an  additional  tribute  of  respect ;  and  is  an  evidence  that  unusual 
reverence  had  been  shown  him  in  his  funeral  rites.  At  any  rate, 
in  this  case  it  cannot  be  regarded  as  the  stigma  of  dishonor.  The 
five  subsequent  interments,  the  cranium  in  each  instance  bearing 
a  like  distinction,  are  but  a  further  corroboration  of  this.  We 
know  that  a  mound  erected,  as  was  this  one,  to  the  honored  dead, 
was,  even  to  a  long  subsequent  period  of  time,  regarded  as  pecu- 
liarly sacred  ;  and  to  be  interred  therein  was  unquestionably  a 
mark  of  consideration  which  must  have  been  eagerly  coveted  for 
the  deceased  by  his  surviving  friends. 

The  mound  at  Sable  River,  Michigan,  from  which  was  exhumed 
so  large  a  number  of  pen-forated  skillls,  affords  evidence  which  can 
only  be  accepted  as  being  of  like  significance  ;  while  the  numerous 
instances  from  the  Great  Mound  at  the  Rouge  River,  if  not  equally 
positive,  present  at  least  a  negative  testimony  which  must  be  ac- 
cepted as  strengthening  the  position  we  have  taken. 
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Of  the  "  five  subsequent  interments"  in  the  Devil  River  Mound, 
I  have  seen  none  of  the  relics,  with  the  exception  of  a  frontal 
bone,  the  greater  part  of  which  remains  in  a  fair  state  of  preser- 
vation. It  contains  about  one-half  of  the  perforation  which  had 
been  made  on  the  skull  of  the  deceased,  which  mark  had  evidently 
been  placed  at  the  vertex  of  the  head  and  at  tlie  junction  of  the 
coronal  and  sagittal  sutures.  Like  the  perforation  of  the  other 
and  more  ancient  skull  from  the  same  mound,  it  is  of  elliptical 
form,  the  greater  diameter,  0.87  of  an  inch,  being  also  at  riglit 
angles  to  the  length  of  the  cranium.  This  frontal  presents  the 
following  dimensions:  Length,  4.9  inches;  Breadth,  4.9  inches; 
Least  breadth,  3.9  inches.  The  superciliary  ridges  are  imusually 
heavy  and  prominent,  while  of  the  portions  of  the  orbits  which 
remain,  the  upper  border  of  each  is  of  the  thick  and  rounded  char- 
acter pertaining  to  the  savage  races.  Over  the  rigiit  orbit  are 
indications  that  a  severe  wound  had  been  at  some  time  received 
at  that  part ;  but  the  appearance  of  the  bone  proves  that  the  indi- 
vidual must  have  survived  this  injury  for  a  considerable  period. 

There  can  be  no  doubt  as  to  the  antiquity  of  the  mound  at  Devil 
River ;  and  the  work  with  its  included  human  remains  must  be 
regarded  as  being  among  some  of  the  most  unequivocal  as  well  as 
interesting  relics  of  the  mound-builders  which  have  been  spared 
for  modern  investigation. 

I  shall  proceed  by  making  brief  mention  of  another  perforated 
cranium  lately  exhumed  by  Mr.  Ludlow  from  the  Great  Mound  at 
the  Rouge  River,  Michigan  (the  locality  of  my  former  discoveries), 
and  presented  b}'  him  to  Mr.  Hubbard,  of  Detroit. 

In  this  last  skull  the  perforation,  like  that  of  all  the  other  crania 
from  the  same  mound,  is  much  smaller  than  that  of  the  skulls  from 
Lake  Huron  (Sable  River  mound,  and  Devil  River  mound).  It  is 
of  an  irregular  circular  form,  the  diameter  at  the  surface  measuring 
0.44  inch.  The  skull  is  remarkable  for  the  great  protuberance  of 
the  occipital,  which  doubtless  mainly  contributes  to  its  longtii.  Its 
cephalic  index  is  .722,  thus  placing  it  in  the  dolichocephalic  range. 
The  other  dimensions,  etc.,  given  in  inches  and  decimals  of  an 
inch,  are  as  follows  :  Circumference,  20.10  ;  Length, 7. 20  ;  Breadth, 
5.20;  Height,  5.00  ;  Breadth  of  frontal,  4.15  ;  Altitudinal  index, 
.694;  Index  of  Foramen  magnum,  .486;  Frontal  arch,  1L30; 
Parietal  arch,  12.25;  Occipital  arch,  10.40;  Longitudinal  arch, 
13.70  ;  Length  of  Frontal,  4.55  ;  Length  of  Parietal,  4.85  ;  Length 
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of  Occipital,  4.28;  Zygomatic  diameter,  5.10.  As  in  the  case  of 
a  number  of  other  crania  from  the  same  mound,  thouLjh  uufjucs- 
tionably  adult,  the  sutures  remain  unclosed,  a  point  on  which,  per- 
haps, more  stress  should  be  laid  in  connection  with  the  many  other 
characters  betokening  degraded  affinities  which  in  former  papers 
1  have  pointed  out  as  pertaining  to  the  remains  of  ancient  man 
exhumed  from  this  mound,  and  from  the  Great  Circular  tumulus, 
in  its  near  vicinity,  on  the  Detroit  River. 

It  will  be  perceived  that  in  my  remarks  on  the  significance  of 
this  custom  of  perforating  the  head  after  death,  though  believing 
that  1  have  satisfactorily  established  the  point  that  in  the  act  there 
was  no  disrespect  intended  to  the  deceased,  I  make  no  attempt  to 
define  what  the  more  immediate  ol)ject  of  that  act  may  have  been. 
My  later  investigations  have  added  nothing  new  in  this  direction, 
and  I  must  be  content  to  refer  to  ray  paper  in  the  Smithsonian  Re- 
port for  1875, for  the  views  I  entertain  on  the  subject.  I  can  only 
repeat  that  the  constant  position  of  the  perforation  would  seem- 
ingly imply  some  constant  object  sought  for — possibly  the  suspen- 
sion of  the  head. 

It  may  be  expected  that  in  this  connection  I  should  have  some- 
thing to  offer  with  reference  to  the  prehistoric  or  neolithic  trepan- 
ning lately  brought  to  notice  in  France.  I  have  received,  under 
date  of  July  12,  187G,  a  communication  from  M.  Broca,  of  Paris, 
from  which  I  make  a  translation  of  the  following  extract,  showing 
conclusively  that  he  coincides  with  my  opinion,  long  previously 
expressed,  as  to  the  Neolithic  trepanning  having  no  connection 
with  the  cranial  perforation  observed  by  me  in  Michigan.  He 
says  :  "I  have  not  yet  been  able  to  procure  j'our  memoir  of  1875, 
of  the  '  Detroit  Meeting,*  and  I  understand  that  the  Smithsonian 
Report  for  1875  has  not  yet  been  published  ;  I  only  know  your  re- 
searches on  the  perforated  crania  of  Michigan,  b}'  the  notice  which 
3'ou  have  given  in  the  number  for  August,  1875,  of  the  'American 
Naturalist ;'  but  that  is  sufficient  to  demonstrate  to  me  that  there 
is  no  connection  between  our  prehistoric  trepannings  and  perfora- 
tions and  those  which  you  have  observed  in  the  ancient  crania  in 
Michigan."  The  distinguished  savant  concludes  with  reiterating 
this  belief,  in  the  following  words :  "  You  perceive  that  our  prehis- 
toric trepanning  differs  from  j'ours  by  a  great  number  of  points 
which  I  here  review."  And  then  follows  a  running  comparison  of 
the  two  sorts  of  perforations,  from  which,  with  a  slight  remodel- 
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ling,  a  supplementary  point  or  two,  and  a  correction  of  no  primary 
importance,  which  I  have  taken  the  liberty  of  making,  I  give  the 
following : — 

Of  the  Neolithic  perforations  of  France. 

1.  Some  are  surgical,  others  were  made  after  death. 

2.  Both  sexes,  and  all  ages,  including  infants  and  children, 
were  subjects. 

3.  They  are  from  three  to  five  centimeters  in  length  on  the  bead 
of  adults,  with  very  oblique  and  cicatrized  edges. 

4.  The  position  is  variable. 

5.  The  posthumous  were  made  b}"^  the  aid  of  an  instrument 
moved  like  a  saw,  detaching  the  fragments,  etc. 

6.  Object  of  the  posthumous:  to  secure  the  fragments,  which 
were  used  for  amulets. 

Of  the  perforations  in  the  ancient  crania  of  Michigan. 

1.  All  were  made  after  death. 

2.  They  are  confined  to  adult  subjects  and,  probably,  the  male 
sex. 

3.  They  are  from  about  one  to  two  centimeters  in  diameter, 
with  oblique  but  not  cicatrized  edges. 

4.  The  position  is  constant  —  centrally  placed  at  the  top  of  the 
head,  and  always  on  the  sagittal  suture,  or  at  its  junction  with 
the  coronal  suture. 

5.  They  were  made  probably  with  an  instrument  turning  prin- 
cipally semi-circularly. 

6.  Object  unknown  (perhaps  the  extraction  of  the  brain,  per- 
haps the  suspension  of  the  head). 

And  here,  for  the  present,  I  take  leave  of  this  interesting  sub- 
ject, preferring  to  await  what  further  researches  may  disclose, 
through  the  discovery  of  additional  material,  to  speculating  with 
what  I  consider  insufficient  basis  for  deduction. 
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Habits  ok  the  Moqui  Tribe.  By  E.  A.  Barber,  of  Westchester, 
renn. 
A  peculiarity  of  the  sedentary,  housebuilding  or  Pueblo  tribes  of 
Arizona  and  New  Mexico  (especially  of  the  Moquis)  is  the  em- 
ployment of  urinals  in  their  households,  to  a  considerable  extent. 
This  custom  prevails  among  all  classes  and  ages.  The  babe  of  a 
few  months'  existence  is  furnished  with  a  diminutive  cla^'  vessel, 
two  or  three  inches  in  diameter,  and  generally  made  without 
handles,  while  the  adults  use  large  open  bowl-shaped  receptacles, 
which  sometimes  have  a  capacity  for  holding  several  gallons. 
These  latter  are  usually  placed  on  the  roof-tops  of  the  stone  dwel- 
lings and  the  liquid  contents  left  to  putrefy  in  the  sun,  for  weeks 
or  even  months.  This  substance  is  employed  in  several  operations 
by  the  natives  (dyeing  is  probably  one)  but  our  stay  among  them 
was  too  brief  to  permit  us  to  investigate  the  subject. 


The  Former  and  Present  Numbkr  of  our  Indians.  By  Gak- 
RiCK  Mallery,  U.  S.  Army^  Washington,  D.  C. 

The  traveller  Catlin  announced  in  his  well  known  Letters  dated 
1839,  "the  Indians  of  North  America  were  sixteen  millions;"  De 
Tocqueville  remarked  of  the  American  tribes  "  there  is  no  instance 
on  record  of  so  rapid  a  destruction  ;"  and  Mr.  Hubert  H.  Bancroft 
in  his  "Native  Races,"  after  philosophizing  that  "the  intercourse 
of  civilized  with  savage  people  results  in  the  disappearance  of 
civilization,  or  the  extinction  of  the  barbaric  race,"  bewails  "all 
the  millions  of  native  Americans  who  have  perished  under  the 
■withering  influence  of  European  civilization." 

These  quotations  are  but  examples  of  the  common  belief: — 1st, 
That  the  native  population  on  the  arrival  of  the  first  colonists 
was  very  large  ;  2d,  That  it  is  now  rapidly  becoming  extinct ;  and 

'  Brevet,  Lieut.  Col.,  Capt.  1st  Infantry,  detailed  with  the  U.  S.  Geographical  and 
Geological  Survey  of  the  Rocky  Mountain  Region. 
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3d,  That  the  cause  of  that  extinction  is  an  innate  characteristic  or 
defect  of  the  race,  rendering  impossible  its  civilization  or  even 
existence  with  civilized  environments.  If  these  correlated  proposi- 
tions arc  incorrect,  it  is  important  so  to  understand,  both  for  eth- 
nologic theories  and  practical  national  dut}'. 

An}'  present  attempt  to  ascertain  by  means  of  the  literature  on 
the  subject,  the  Indian  numbers  in  pre-Columbian  or  even  early 
historic  times,  within  the  present  area  of  the  United  States,  must 
be  through  a  maze  of  contradiction  and  confusion.  Altlioujrii  the 
examination  should  be  confined  to  authocities  who  did  notlwaddle 
about  imaginary  millions  and  at  least  pretended  to  fmnish  statis- 
tics, even  those  are  onl}'  valuable  for  comparison,  and  when  cor- 
roborated by  the  tests  of  probability  and  possibility  ai)plic(l  of 
late  years  by  science  to  all  historiographers. 

In  17G4  Col.  Henr}'  Bouquet,  commanding  the  British  front ier 
forces,  officially  estimated  the  number  of  Indians  belonging  to  all 
the  tribes  with  whom  the  whites  had  then  come  into  contact,  as 
56,500  warriors,  and  adopted  the  proi)ortion  of  five  Indians  to 
each  warrior,  his  total,  therefore,  being,  282,500.  In  1778  Thomas 
Hutchins,  Surveyor  General  of  the  British  Colonies,  gave  their 
strength  in  the  Northern  Districts  of  America,  including  our  thir- 
teen Colonies,  at  129,150.  A  Report  to  the  Continental  Congress 
at  the  beginning  of  the  Revolution  made  the  number  of  Indians 
to  be  encountered  60,000,  and  Schoolcraft  in  his  census  under  the 
Act  of  Congress  of  1847  enumerated  all  of  them  within  the 
United  States  with  a  grand  total  of  383,229,  ''besides  twenty-five 
to  thirty-five  thousand  within  the  area  of  boundaries  yet  unex- 
plored." 

A  contrast  of  the  statements  concerning  particular  tribes  has 
more  amusing  interest  than  substantial  value.  Baron  de  la  Hon- 
tan  in  the  latter  part  of  the  seventeenth  century  fixed  the  force  of 
the  Iroquois,  against  whom  he  served,  at  70,000,  while  the  French 
missionaries  about  the  same  time  report  ou\y  11,100.  Adair,  who 
lived  among  the  Southern  tribes  from  1735  to  1775,  says  that 
about  17G2  the  Cherokees  had  2,300  warriors  or  about  1 1,500  souls. 
Stevens,  the  historian  of  Georgia,  rates  them  at  3,000  warriors  or 
15,000  souls  in  1774.  S.  G.  Drake  gave  in  1721,  6000  warriors 
or  30,000  souls. 

In  1834  the  Committee  on  Indian  affairs  of  the  House  of  Rep- 
resentatives reported  the  Serainoles  at  5,000.     In  the  ensuing  year 
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President  Juckson  estimated  their  warriors  at  four  hundred  (2,000 
souls),  und  the  Secretary  of  War  at  seven  hundred  (3,500  souls). 
Accoiding  to  Sprague  the  tribe  numbered,  in  1822,  3,899.  For 
seven  years  they  defied  the  whole  power  of  the  United  States, 
nearly  every  regular  regiment  being  engaged  against  them,  besides 
marines  and  sailors,  and  for  longer  or  shorter  periods  altogether 
50,000  militia  and  volunteers.  As  they  cost  the  government  in 
this  war  $30,000,000  according  to  careful  recently  published  official 
estimates,  and  over  3,000  lives,  it  became  desirable  to  increase  their 
apparent  force,  so  it  was  declared  in  a  Congressional  debate,  on  the 
authority  of  a  general  officer,  that  2,000  Seminole  warriors  had  been 
slain,  which  at  the  usual  computation  would  not  make  their  numbers 
10,000,  if  all  their  warriors  had  been  thus  disposed  of,  which  cer- 
tainly was  not  true.  The  probability  is  that  at  the  commencement 
of  the  contest,  in  1835,  they  were  not  more  than  1,500,  the  pro- 
portion of  fighting  men  to  the  rest  of  the  tribe  being  greater  than 
that  usually  found,  so  that  General  Jackson's  400  warriors  would 
not  indicate  2,000  people.  It  may  be  noted  in  passing,  that  the 
Indian  Report  for  1876  accounts  for  2,553  in  the  Indian  Territory, 
while  475  live  in  the  Everglades  of  Florida,  and  others  are  known 
to  have  emigrated  to  the  Rio  Grande  in  Mexico.  Those  on  Res- 
ervations were  less  than  2,000  at  the  close  of  the  late  rebellion  in 
which  they  suffered  severely'.  With  all  the  losses  of  two  wars, 
those  remaining  in  the  United  States  have  in  forty  years  more  than 
doubled  in  numbers. 

Bartram,  about  1775,  estimated  the  Creeks  at  100,000,  Adair  at 
the  same  date  at  17,500,  and  Drake  in  1785  at  17,000.  The  Com- 
mittee of  the  House  of  Representatives,  in  1834,  reported  22,000. 
Father  Rasle,  early  in  the  seventeenth  century,  wrote  that  he  had 
seen  in  one  place  in  Illinois  1,200  fires  kindled  for  more  than  2,000 
families,  but  other  missionaries  in  the  same  region,  not  much  later, 
describe  their  trouble  in  finding  any  Indians  at  all.  This  state- 
ment of  the  good  father  is  not  necessaril3'  to  be  classed  with  some 
other  travellers'  tales  ;  but,  as  contrasted  with  the  fruitless  searches 
of  his  brethren,  affords  a  good  illustration  of  the  causes  of  honest 
exaggerations.  He  ma\'  have  met  a  great  hunting  expedition, 
perhaps  a  tribe  in  the  act  of  migration,  which  lit  a  large  number 
of  fires  ;  but  its  transient  encampment  no  more  indicated  the  popu- 
lation of  the  district,  than  would  the  halt  of  a  great  caravan  es- 
tablish the  population  of  the  Sahara. 
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The  commissioners  to  treat  witli  the  Sioux  for  the  relinquish- 
ment of  the  Black  Hills,  in  June,  1875,  tried  their  hands  in 
working  upon  old  statistics,  and  recited  the  estimate  of  tliat  bod}' 
of  Indians  by  the  Secretary  of  War,  in  1829,  as  15,000,  b^'  another 
authority  in  Niles'  Register  of  the  same  j'car,  as  40,000,  and  by 
another  Secretary  of  War  in  1836,  as  23,000  ;  winding  up  with  a 
plaintive  comment  that  '•  the  data  from  all  these  sources  are  prol)- 
ably  erroneous,"  with  which  wise  conclusion  any  investigi'tor  of 
the  subject  will  readily  agree. 

The  most  discriminating  general  view  yet  presented,  the  influence 
of  which  upon  the  present  paper  is  grateful!}' acknowledged,  has  been 
by  the  historian  Bancroft,  who  suggests  180,000  souls  as  the  maxi- 
mum of  the  native  population,  east  of  the  Mississippi,  and  south 
of  the  St.  Lawrence  and  the  chain  of  Great  Lakes,  in  the  early 
part  of  the  seventeenth  century.  This  opinion  is  entitled  to  great 
respect,  as  it  is  known  that  the  careful  author  devoted  much  re- 
search to  the  subject,  with  the  intention  of  presenting  a  more  ex- 
tended discussion  than  appears  condensed  in  Chapter  XXII  of  the 
third  volume  (published  in  1840)  of  his  history  ;  but  its  value 
is  somewhat  lessened  by  the  consideration  that  the  onl}^  reliable 
classification,  viz.,  by  the  linguistic  families,  languages  and  dialects, 
was  not  available  at  the  time  of  his  investigation,  indeed  is  only 
now  beginning  to  be  understood.  From  this  fact  and  the  confused 
synon^'iny  hereafter  more  fully  ex[)lained,  raising  a  suspicion  that 
minor  divisions  have  been  counted  more  than  Once,  it  is  difficult  to 
compare  his  figures  with  the  state  of  the  tribes  as  now  known  ;  but 
carefully  enumerating  only  the  bodies  of  Indians  clearl}-  included  i)y 
him,  there  are  found  to  be  117,700  of  their  descendants  still  remain- 
ing in  the  United  States  and  beyond  the  Canadian  border,  though 
by  no  means  all  now  within  the  territorial  limits  mentioned  by  Mr. 
Bancroft — the  Iroquois  and  Chippewas  or  Ojibwas  being  the  onl}' 
considerable  bodies  at  or  very  near  their  pre-colonial  habitat. 
This  number  would  certainly  be  increased  by  a  critical  analysis  of 
the  present  official  Indian  population,  and  by  including  the  con- 
siderable portion  of  the  descendants  of  eastern  tribes  now  mingled 
with  the  whites,  and  avowedly  counted  with  the  latter  in  the  census. 
Without  such  nicety,  however,  and  simply  referring  to  the  last 
Census  Report,  and  those  of  the  Indian  Bureaus  of  the  United 
Slates  and  the  Dominion  of  Canada,  there  appear  in  known  lo- 
calities and  with  recognizable  identity,  over  sixty-five  per  cent,  of 
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the  same  Indian  stock  found  at  the  early  settlement  of  the  country 
east  of  the  Mississippi,  according  to  Mr.  Bancroft's  estimate. 
Admitting  the  latter  as  approximately  correct — and  from  consid- 
erations to  be  presented,  it  docs  not  seem  to  err  in  illiberality  of 
allowance — the  decrease  in  nearly  three  centuries  is  neither  so 
rapid  nor  so  frightful  as  to  authorize  the  common  coronach  of 
poets  and  sensational  essayists. 

The   report  of  the  Commissioner  of  Indian   Affairs   for   1876 
sums  up  266,151  Indians  in  the  United  States,  apart  from  Alaska. 
The  Census  of  1870  reports  as  Indians  out   of  tril)al  relations, 
21,228,  which  at  first  might  seem  to  be  an  absolute  addition  to 
those  in  the  Commissioner's  tables,  as  the  latter  do  not  make  any 
allusion  to  Indians  known  to  dwell  in  a  number  of  the  States,  for 
instance,  the  1,000  Tussaniaquoddies  and  Penobscots  of  Maine; 
but  in  other  cases  there  is  a  probable  inclusion  of  bodies  not  on 
Reservations  or  connected  with  Agencies,  whom  the  census  returns 
also  appear  to  embrace.     Making  all  due  allowances,  there  are  at 
least  5,000  more  in  the  United  States  than  as  enumerated  by  the 
Commissioner,  which  would  give  a  total   of  271,151,    excepting 
those  in  Alaska.     This  exception  introduces  an  instructive  lesson, 
as  the  Superintendent  of  the  Census  supplies  the  omission  of  the 
Alaskan  population  by  an  estimate  of  70,000  ;  whereas  Capt.  W. 
H.  Dall,  of  the  U.  S.  Coast  Surveys  in  volume  I  of  the  "  Contribu- 
tions to  North  American  Ethnology"  of  the  U.  S.  Geographical 
and  Geological  Survey  of  the  Rocky  Mountain  Region,  lately  is- 
sued, furnishes  an  exhaustive  summation  of  the  same  people,   at 
substantially  the  same   time,  as  25,704 ;  thus  teaching  that  the 
most  careful  mere  estimate  on  this  subject,  even  in  our  day,  al- 
ways vastlj'  exceeds  the  truth  obtained  by  the  personal  examina- 
tion of  competent  explorers.       If  such  a  change  in  the  reported 
numbers  had  been  made  after  the  Alaskixns  had  been  under  an 
Agency,  it  would  have  been  attributed,  either  to  fraud  in  the  first 
enumeration  for  the  purpose  of  swelling  the  ration  return,  or  to 
the  fated  sudden  mortality"   of  all  tribes  connected  with   whites, 
whereas,  in  fact,  such  discrepancies,  used  as  conclusive  arguments 
for  the  latter  theory,  are  often  but  the  result  of  accurate  informa- 
tion succeeding  vague  guesses. 

In  comparing  the  authorities,  it  is  obvious  that  the  lower  esti- 
mates are  made  by  writers  whose  judgment  and  veracity  in  other 
matters  are  admitted,  such  as  Sir  William  Johnson  and  George 
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Bancroft,  while  the  high  figures  are  given  by  a  Baron  tie  hi  I  Ion- 
tan,  whose  adventures  rival  those  of  his  brother  Baron,  Munchau- 
sen, and  a  Catlin,  whose  imagination  discovered  a  great  river, 
tunnelling  the  Rocky  ^Mountains.  Tiie  history  of  Smith  not  only 
tells  of  the  numberless  followers  of  King  Powhatan  (nothing  at 
all  resembling  monarchy  being  known  to  any  of  his,  the  Algonkin 
family)  but  descril)es  pearl,  coral  and  metallic  copper,  as  i)art  of 
Virginia's  wealth,  and  states  that  its  crops  of  corn  were  successively 
l)lanted  and  gathered  three  times  in  five  months,  an  arrangement  of 
the  harvesting  seasons  not  now  perceived.  De  la  Vega,  an  historian 
of  De  Soto's  expedition,  saw  during  his  long  route  great  towns 
frequently  in  sight  of  each  other,  a  report  wholly  inconsistent  with 
the  known  resources  of  the  region  to  its  native  inhabitants,  but 
(juite  worthy  of  a  traveller  whose  detailed  courses  and  distances 
reached  a  point  probably  somewhere  on  the  lower  Mississippi,  but 
mathematically  at  the  same  time  600  miles  north  of  Lake  Superior. 

It  is  also  noticeable  that  while  the  figures  of  later  writers,  ap- 
plicable to  the  same  bodies,  have  been  far  less  than  those  of  their 
predecessors  by  some  short  periods,  during  which  no  marked 
change  was  known  to  have  occurred,  yet  the  whole  world  believed 
the  later,  without  discrediting  the  earlier,  and  accounted  for  the 
diminution  by  rhapsodies  about  decadence,  and  a  profound  theory 
manufactured  to  suit  false  premises,  that  what  they  called  the  red 
race  was  ferce.  natnrce.  and  could  never  be  tamed  nor  exist  near 
civilization.  This  has  not  been  wholly  an  error  of  honest  igno- 
rance, but  of  wilful  determination  ;  not  only  the  early  colonists 
but  the  later  backwoodsmen  persuading  themselves,  to  reconcile 
their  consciences  and  interest,  that  the  Indian  was  of  inferior  and 
brute  race.  So  large  a  part  of  mankind  has  participated  in,  or 
benefited  by,  the  crimes  committed  on  this  theory,  as  to  receive  it 
and  all  statements  supporting  it  with  eagerness. 

Having  sufficientl}'  examined  the  estimates  of  historians  and 
travellers,  and  no  hope  existing  of  any  accurate  statistics  from  the 
recordless  tribes  themselves,  it  becomes  necessary  to  inquire  into 
the  probabilities  arising  from  their  migrations,  traditions  and 
habits  so  far  as  ascertained  by  the  latest  research. 

The  view  now  held  by  some  distinguished  Ethnologists,  founded 
on  many  considerations,  is  that  the  main  source  of  distribution 
of  our  Indians  was  the  country  drained  by  the  Columbia  and 
Fraser  Rivers,  though  how  and  when  they  arrived  there  is  by  no 


346      FORMER  AND  PRESENT  NUMBER  OF  OUR  INDIANS  ; 

means  agreed  upon.  Tliat  region,  where  very  numerous  mortuary 
vestiges  intlieate  the  former  presence  of  multitudes,  though  possibly 
in  tnutsUu,  was,  and  remains,  admirably  adapted  to  their  subsistence. 
In  addition  to  the  marvellous  salmon  and  trout  fisheries,  there 
were  bread  roots  in  profusion  and  much  large  game,  such  as  bear, 
deer  and  mountain  sheep.  If  the  successive  waves  of  continental 
migration  did  originate  on  the  Pacific  Coast,  it  is  scarcely  to  be 
supposed  that  they  crossed  the  arid  plains  only  lately  explored  by 
us  or  even  the  more  eastern  prairies,  where  with  all  then-existing 
facilities  the  support  of  life  would  have  been  most  difficult.  The 
savages  relied  at  first  mainly  on  fish,  secondarily  and  later  on  the 
chase,  and  only  in  their  last  stages  of  development  on  agriculture, 
which,  though  a  greater  resource  among  some  tribes  than  is  gener- 
ally understood,  became  so  after  their  long  continued  occupancy  of 
regions  near  the  Atlantic  and  the  great  lakes.  They  could  neither, 
before  obtaining  the  horse,  then  for  ages  extinct  on  this  continent, 
pursue  to  great  advantage  the  large  game  of  the  lower  prairie,  nec- 
essary for  their  subsistence  while  passing  it,  nor  transport  stores 
before  collected,  and  moved  probably  (as  one  route,  others  being 
also  contended  for)  via  the  head  waters  of  the  Mississippi,  and 
the  outlet  of  Lake  Superior,  resting  on  long  lines  and  with  little 
lateral  spread,  near  rivers,  lakes  and  the  ocean.  Even  on  those 
selected  routes,  they  left  behind  them  immense  tracts,  sometimes 
as  not  suited  to  their  fancy,  or  for  farther  separation  from  their 
old  homes,  perhaps  forcedly  abandoned,  as  expansion  of  the  race 
seems  generally  to  have  been  occasioned  by  stronger  tribes  driv- 
ing oflf  the  feebler,  as  in  the  Eastern  Hemisphere.  The  greater 
part  of  the  districts  east  of  the  Rocky  Mountains  and  some  to 
tlieir  west,  where  the  Indians  are  now,  or  in  recent  years  have 
been  found,  and  much  of  which  was  vaguely  charted  in  our  juve- 
nile atlases  as  the  "Great  American  Desert,"  was,  in  fact  a  soli- 
tude when  America  was  discovered,  the*  population  being  then 
confined  to  the  wooded  borders  of  the  traversing  streams.  For 
example,  the  Dakota-Sioux,  now  classed  with  no  great  accuracy  as 
nomads  of  the  prairie,  were,  when  first  known,  lake  and  river 
Indians,  being  found  by  Allouez  in  1666  west  of  Lake  Superior; 
and  tlieir  recently  discovered  picture-calendar  shows  that  at  least 
some  of  their  divisions  had  never  lassoed  wild  horses  before  1812, 
though  they  had  become  acquainted  with  that  animal  through  more 
southern  tribes,  a  few  years  earlier.      The  Pawnees  also,  and  their 
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congeners,  historically  known  as  habitating  the  head-waters  of  the 
Arkansas,  were,  only  after  they  became  possessed  of  liorses, 
roainers  of  the  plains  and  absolutely  dependent  as  now  upon  the 
burt'alo  for  food,  shelter,  fuel,  clothing  and  barter.  The  vast  ex- 
panse commencing  on  each  side  of  the  Ohio  Kiver,  and  at  no  great 
distance  from  it,  covering  half  the  space  between  the  great  lakes 
and  the  gulf,  was  fairly  stocked  with  game  but  not  sudiciently  with 
food  fishes — Mississippi's  turbid  stream  excluding  the  ocean  wan- 
derers —  and  was  therefore  not  adopted  as  the  *i)ermanent  abo<le, 
at  least  one  continuing  three  centuries  ago,  of  any  considerable 
population.  Marquette,  voyaging  in  1673  from  the  Fox  River  to 
the  Wisconsin  and  down  the  Mississippi,  found  no  trace  of  man 
until  he  reached  the  confluence  of  the  Des  Moines.  In  1G79  La 
Salle,  exi)loring  from  ihe  head  of  Lake  Michigan  to  the  south- 
west, onl}'  met  Indians  after  a  month's  travel,  who  were  a  bantl  of 
the  Illinois  at  the  present  site  of  Peoria,  and  their  tribe  had  not 
long  before  retired  from  the  east.  Vermont  and  western  Massa- 
chusetts and  much  of  New  Hampshire  were  left  unoccupied.  On 
early  maps  the  low  country  from  the  Mobile  River  to  Florida  was 
marked  vacant  —  the  Seminoles  not  appearing  in  the  latter  region 
until  after  it  had  become  a  dependency  of  Spain  —  and  the  oldest 
reports  from  Georgia  assert  with  gratulation  that  there  were  scarcely 
any  savages  within  400  miles  of  Savannah. 

It  is  erroneous,  when  consideiing  the  distril)Ution  of  our  Indi- 
ans, to  regard  them  generally  as  nomads,  though  some  of  them 
were  in  a  stage  of  migration,  as  once  were  the  Gauls  and  Goths, 
in  search  of  better  homes.  Nearly  all  of  the  tribes  had  obtained, 
or  at  least  claimed  and  sought  to  retain,  separate  districts  in  which 
they  had  permanent  villages,  often  stockaded,  and  sometimes  con- 
taining communal  houses  for  the  continuous  use  of  several  families. 
From  these  villages  the}'  sent  forth  hunting  and  war  paities, 
which,  during  their  long  absences,  used  the  more  temporary  shelters 
to  which  some  writers  have  limited  the  race.  Without  referring  to 
the  lasting  structures  of  the  Pueblos,  from  the  roomy  and  carefully 
bark-built  Ga-no-sote  of  the  Iroquois,  to  the  Winnebago  thatched 
houses  of  matted  reeds,  the  strong  palisadoed  structures  of  the 
Arickaras,  the  planked  and  loop-holed  buildings  of  the  Chinooks, 
and  the  dome-shaped,  earth-covered  lodges  characteristic  of  Cali- 
fornia, the  Indians  had  homes  not  much  less  solid  or  comfortable 
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tUan  were  common  in  Europe  within  its  earliest  historic  period,  and 
tliey  abandotiod  tliein  as  ditl  the  Old  World  migrants,  only  from 
pressure  or  other  necessity. 

What  may  have  been  a  reflux  tide,  or  simply  the  flow  of  ex- 
pansion, after  the  Atlantic  shores  had  been  reached  and  occupied 
so  as  to  cause  collision  even  among  scanty  numbers  with  such 
restricted  resources  of  subsistence,  commenced  (before  the  advent 
of  the  whites,  though  afterwards  stimulated  by  it)  from  intestine 
wars  between  the*tribes  themselves  and  shows  the  great  tracts  be- 
fore left  vacant  in  the  interior. 

The  terrific  prowess  of  the  Five  Nations  had  b}'  1660  driven 
many  tribes  of  the  Algonkins  and  the  remnant  of  the  Hurons  in 
wild  flight  to  the  distant  bays  of  Lakes  Superior  and  Michigan,  so 
that  the  Jesuit  missionaries  in  that  year  found  not  a  single  resident 
Indian  on  the  shores  of  Lake  Huron  or  any  of  its  islands,  and  the 
whole  peninsula  of  Upper  Canada  with  lower  Michigan  was  a 
wilderness.  So  also  the  Shawnees,  repulsed  from  the  southern 
shores  of  Lake  Erie  in  pre-Columbian  days,  and  first  known  to  the 
whites  on  the  Savannah  River,  seemed  to  experiment  for  two  cen- 
turies in  choosing  a  permanent  home,  appearing  successively  in 
the  south-west  part  of  the  Ohio  Valley  and  in  Pennsylvania,  next 
on  the  Scioto  and  Miami,  having  also  rested  for  some  time  in  the 
vacant  highlands  of  the  Carolinas.  In  1742  when  the  Iroquois, 
at  Quaker  instigation,  rebuked  their  Lenni  Lenape  subjects  for 
complaining  about  Broadbrim's  construction  of  the  celebrated 
"walking  purchase,"  they  ordered  them  to  the  alternative  choice 
of  two  fair  valleys  less  than  a  hundred  miles  west  of  the  Delaware, 
proving  that  at  even  so  late  a  date  there  was  still  plentj'  of  room 
on  the  Susquehanna  and  Sharaokin,  which  we  might  suppose  would 
have  long  before  been  seized  as  an  Indian  paradise.  It  was  as 
eas}- and  judicious  for  the  discontented  eastern  aboriginal  to  "go 
west"  in  the  seventeenth  century,  as  it  was  for  Mr.  Greeley's 
"young  man"  in  our  time.  This  occidental  emigration  became 
still  more  convenient  to  him  when  the  iron,  gunpowder  and  horses, 
brought  by  the  whites,  revolutionized  his  pristine  habits  and  be- 
stowed dominion  over  nature  in  the  plains  where  before  his  rude 
arts  could  not  suffice,  affording  another  instance  of  a  want  supplied, 
in  the  grand  economy  that  overrules  mankind,  through  the  very 
cause  which  made  it  requisite.     The  same  civilization  that  pressed 
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the  Indian  race  from  its  chosen  water  courses,  provided  the 
facilities  fur  its  enjoyment  of  land  which  without  them  was  uii- 
inhabitable. 

All  these  facts  grouped  together  teach  us  how  insignificant  was 
the  territorj'  actually  occupied  by  the  natives  before  tlie  .Indo- 
European  race  could  possibly  have  affected  their  numbers  or  dis- 
tribution, and  how  siliy  are  an}'  estimates  obviously  influenced  by 
a  calculation  of  the  product  of  their  number  on  some  one  scpiare 
mile,  multiplied  by  the  figures  expressing  all  the  square  miles 
embraced  between  the  Atlantic  and  Pacific  and  certain  degrees  of 
latitude. 

It  is  true  that  the  linguistic  theory  does  not  admit  the  necessity 
for  any  migrations  from  the  western  coast,  such  as  have  been  sug- 
gested and  above  indicated,  or  that  there  was  any  American  officina 
gentium  such  as  was  once  agreed  upon  for  the  old  world.  The 
mounds  of  the  Mississippi  valley  prove  that  at  some  time  it  held  a 
large  population.  "Whether  that  population,  tliougii  of  long  endur- 
ance, suddenly  disappeared  by  southern  immigration  or  otherwise, 
whether  the  mound-builders  were  the  direct  ancestors  of  the  Indians 
our  forefathers  met,  and  whetiier  their  remains  prove  with  any 
certainty  great  contemporary  numbers  instead  of  great  antiquity, 
are  questions  yet  sub  Jndice  and  need  not  be  now  discussed.  It  is, 
however,  conceded  that  the  people  we,  in  our  ignorance,  term 
"  mound-l)uilders"  were  agricultural,  had  several  arts  unknown  to 
the  historic  tribes,  and  had  passed  away  before  the  latter  had  come 
within  our  knowledge.  The  general  and  frequent  collection 
through  all  our  land  of  objects  of  native  manufacture,  such  as 
imperishable  arrowheads,  is  not  necessarilj'  a  proof  of  either  coii- 
tinuous  or  occasional  multitude  in  their  makers,  an  alternative 
being  that  the  wars  and  hunts  of  a  small  number  of  people  for 
many  years  would  leave  the  same  traces.  Linguistic  researches 
show  so  manj'  distinct  stocks  that  no  system  of  migrations  from  or 
beyond  the  Pacific  hitherto  set  forth  would  account  for  all  of  Ihcui, 
and  the  negative  evidence,  for  what  has  been  styleil,  in  imitation  of 
Athenian  assumption,  the  autochthonic  theory,  receives  some 
support  from  recent  geologic  discoveries.  The  ethnologists  and 
philologists,  though  so  widely  disagreeing  in  other  respects,  both 
admit  that  the  actual  distribution  of  the  natives  at  tlic  time  of, 
and  shortly  after,  their  discovery  was  as  above  presented,  and  the 
immediate   practical    inquiry  concerns   the  tribes   then   and   still 
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known  to  ns,  lutlier  than  ancient  inhabitants,  whether  or  not  the 
ancestors  of  tliose  tribes. 

This  distribution  rendered  misconception  of  their  nnmbers  by 
the  early  white  visitors  almost  nnavoidable.  The  latter,  nsinji;  the 
natnrul  and  only  readily  availaiile  highways  of  ocean  and  river, 
met  the  Indians  precisely  where  they  were  most  numerous  and 
stationary,  and  could  not  thoroughly  explore  the  endless  tracts 
where  they  onl}'  occasionally  roamed  or  which  they  entirely 
avoided,  while  the  enormous  distances  of  separation  prevented  any 
one  traveller  from  actually  seeing,  and  thereb}-  distinguishing  be- 
tween, but  a  limited  number  of  tribes.  Even  if  an  expedition 
through  the  wilderness  were  risked,  the  very  presence  of  the  ex- 
plorers, from  obvious  motives  of  curiosity,  barter  or  defence, 
attracted  all  the  bands  scattered  over  many  miles.  A  tradition  of 
our  navy,  revealed  b}'  one  of  its  officers,  illustrates  the  perils  of 
statistic-gathering  under  similar  difficulties.  Years  ago  a  frigate 
touched,  for  the  convenience  of  watering  or  the  like,  at  a  south 
sea  island,  then  little  known,  and  an  ambitious  Lieutenant  care- 
fully counted  the  people  of  a  village  near  by,  after  which  the  ship 
found  it  necessary  to  pass  around  to  the  farther  side  of  the  island, 
where  was  another  village  of  which  he  also  took  a  census,  and 
obtained  information  of  several  other  places  in  the  interior,  of 
equal  size,  so  by  a  little  addition  and  multiplication  a  good  ac- 
count of  the  inhabitants  was  presented,  but  was  somewhat  invali- 
dated by  the  latei'  discovery  that  not  only  had  all  the  people  of 
the  first  village  been  counted  with  those  of  the  second,  but  that 
every  man,  woman  and  child  on  the  island,  attracted  by  the  vessel, 
had  crowded  to  each  of  its  landing  places. 

Apart  from  such  innocent  blunders,  cunning  and  vanity  would 
induce  ever}'  tribe  to  exaggerate  its  own  importance,  which  there 
was  at  first  no  evidence  to  contradict.  So  late  as  1829  Naw-kaw, 
a  Winnebago  Chief,  attending  a  balloon  ascension  in  the  Battery 
in  New  York,  where  there  was  an  immense  crowd,  and  being  asked 
if  he  had  ever  seen  so  many  people  together,  replied  haughtil}-, 
"  we  have  more  in  our  smallest  villages."  Considering  that  his 
whole  tribe  only  mustered  then  about  3000  souls,  this  may  pass 
as  a  creditable  specimen  of  aboriginal  brag,  which,  if  government 
officials  had  not  already  become  familiar  through  systematic  fraud 
with  tlie  actual  count  of  the  Winnebagos,  would  doubtless  have 
been  adopted  as  a  faithful  comparison  to  influence  statistics,  as 
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has  actiiali}'  occurred  when  other  chiefs,  likening  their  few  score 
warriors  to  ''the  leaves  of  the  forest,"  have  been  seriously  quoted. 
The  carlv  travellers  received  such  tales  with  alacrity,  to  enhance 
their  own  adventures,  repeating  them  with  the  fabled  reproductivc- 
ness  of  the  three  black  crows,  even  when  they  did  not  wittingly 
imitate  Falstaff  in  the  multiplication  of  his  men  in  buckram. 
When  ho.stiliiies  commenced,  on  the  one  hand  the  soldiers  of 
fortune  and  pioneers  who  were  engaged,  overstated  the  number, 
power  and  resources  of  the  enemy,  to  swell  their  own  services  and 
claims,  while  the  home-abiding,  kept  in  constant  fright,  added 
legions  to  the  small  war  parties  whose  activity  rendered  them 
almost  ubiquitous  in  ravaging  extensive  settlements.  These 
bands  seldom  exceeded  forty,  and  were  more  commonly  of  but  six 
or  seven  warriors,  their  tactics  being  surprise  and  intimidation 
with  the  adoption  of  many  devices  to  increase  their  apparent  force. 
The  great  conspiracy  of  Pontiac,  embracing  nearly  all  the  tribes 
east  of  the  Mississippi,  after  years  of  preparation  only  brought  to 
the  main  body  at  Detroit  in  17G3,  a  strength  estimated  at  the  time 
from  600  to  2000  warriors,  probably  near  the  lower  munber  ;  but 
they  were  quite  enough  to  fdl  all  the  colonies  with  dismay.  When 
the  deceptions  of  the  wily  chiefs  could  successfully  cooperate  with 
the  vanity  and  ignorance  of  the  historian,  whose  tales  were  greedily 
swallowed  by  the  frightened  settler,  there  need  be  no  wonder  at 
the  exaggerations  handed  down  to  us  b}'  our  grandfathers  as 
household  words,  to  impugn  which,  now  seems  little  short  of 
profanation. 

A  potent  cause  of  error  in  the  enumeration  of  our  Indians, 
extending  even  to  modern  times,  and  from  which  we  are  scarcely 
j'et  free,  necessarily  arose  from  their  utterly  confused  synonymy. 
Besides  the  name  by  which  each  tribe  called  itself,  its  several 
neighbors  on  all  sides  gave  it  one  wholly  different,  and  as  met  by 
the  Spanish,  French,  and  English,  a  new  title  was  either  inde- 
pendentlj'  coined,  or  one  of  those  first  encountered  adopted  or 
translated,  with  ever  varying  pronunciation  and  orthography,  so 
as  soon  to  def)'  the  recognition  of  etymologists.  McKenney  and 
Hall,  in  their  "  History  of  the  Indian  tribes  of  North  America," 
published  in  1855,  present  2V2  names  given  as  of  different  tribes 
in  the  early  narratives  and  histories,  while  confessing  themselves 
at  a  loss  to  ascertain  upon  what  people  many  of  the  appellations 
were  bestowed,  and  suggesting  the  probability  of  duplicates,  whicli 
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iinpiossion  u  cursory  glance  at  the  list  by  any  one  instructed  in 
the  more  recent  linguistic  researches,  will  convert  into  certainty .^ 
Thus  both  in  literature  and  tradition  the  list  of  the  very  socio- 
logical bodies  or  organizations  of  the  Indians  was  erroneousl}' 
lengthened,  and  the  supposed  strength  of  each  real  tribe  counted 
perhaps  several  times..  So  also  when,  in  the  later  classifications, 
names  before  used  were  dropped  or  changed,  there  seemed  cases 
of  absolute  extinction.  Perhaps  it  may  be  generally'  known  that 
Wyandot  is  the  present  title  of  the  old  Hurons  ;  but  not  many 
readers  of  Cooper  are  aware  that  some  of  the  Mohegans  he  anni- 
hilated survive  as  Munsees,  Brothertons,  and  Stockbridges,  though 
as  their  eastern  enemies  the  Narragansetts  and  Niantics  called 
them  Pequottoog  (abbreviated  into  Pequod  b}'  the  Connecticut 
settlers)  they  suffered,  in  historical  confusion,  a  still  earlier  exter- 
mination under  that  appellation.  When  tribes  were  no  longer  seen 
on  their  ancient  grounds,  their  obituary  was  pronounced,  and  if 
met  again  in  distant  regions,  perhaps  with  new  habits  of  life  and 
unfamiliar  titles,  they  were  only  noticed  to  swell  some  romantic 
estimate  of  the  old  population,  their  present  numbers  being  for 

'  Some  examples  may  be  of  interest,  though  not  confined  to  the  list  mentioned. — 
The  ^loliawks  were  called  by  various  writers  —  Anies.  Agniers,  Agnierrhonons, 
Sankhicans,  Canungas,  Mauguawogs,  Makwacs  and  Ganeagaonhoh.  The  Oneidas 
also  aiijjear  as  Oneotas,  Onoyats,  Aiioyints,  Onneiouts,  0-na-yote-kii-o-no  and  Onoio- 
chrhoiions,  and  the  Seuecas  as  Siniiikes,  Chennessies,  Gonessees,  Clicnim^oaucs,  Tson- 
noiitouans,  Jenontowanos  and  Nundawaronoh ;  while  the  leagued  people  to  which  they 
all  belonged,  properly  named  Ho-de-no-sau-nce,  was  termed  Iroquois  by  the  French, 
and  Mingos  or  Mcngwces  by  the  English.  The  confederacy  calling  Itself  Dakota  was 
stigmatized  hy  the  neighboring  Algonkins  as  Nadowessi.  "  hateil  foe,"  from,  as  gener- 
ally conceded,  a  root  meaning  a  venomous  6eri)ent.  and  the  French  gave  it  their  plural 
— Nadowessioux,  whence  by  elision.  Sioux.  Dr.  II.  C.  Yarrow,  U.  S.  A.,  has,  however, 
suggested  Ihat  the  French  designation  "  Indicns  du  Nord-ouest,"  is  the  true  origin  of 
the  title  Nadowessi  or  Nadou-essi.  The  early  English  wrilcrs  used  their  own  plural — 
Nadowessies.  The  French  missionaries  also  called  the  Titons— a  grand  division  of  the 
Sioux  tribes,  :ind  who  were  the  41rst  of  thcni  to  seek  the  prairie— by  the  title  Poualac, 
as  of  no  connection  with  the  Dakotas,  and  with  several  variations  in  spelling.  The  na- 
tion was  also  called  by  the  Iroquois.  Wiisii'-sch-o-uo;  by  the  I'oncas,  Bwa"  ;  by  the 
Arapahos,  Natemihima;  the  Cheyennes,  0  61iom6-yo;  the  Crows,  Barasliupgio  and 
the  Arikaras,  Sunnunnat.  The  Com.nnches,  as  the  Spanish  in  Mexico  styled  the  tribe, 
call  themselves  Na-uni,  but  were  known  to  the  Caddoes  as  Sowato.  to  the  Osages  as  Pai-- 
tooku,  and  to  the  Wacoes  as  Naratah.  The  old  French  name  was  letans  orllietans,  and 
our  early  settlers  spoke  of  them  as  Paducas— tliese  different  epithets  showing  no  mere 
literal  discrepancy  or  variety  in  pronunciation,  but  absolute  difference  of  root.  The 
word  l'a<lnca  recalls  one  of  the  few  instances  in  whicli  the  narrative  of  Lewis  and 
Clarke  betrays  sentimentality,  where,  after  the  "Great  Padouca  Kation"  is  spoken  o( 
as  once  occupying  the  country  betv.ecn  the  npper  Platte  and  the  Kansas,  the  text 
seems  to  lament  that  "  of  the  Padoucas  there  does  not  now  (1804)  exist  even  the  name." 
True  enough,  tliat  jiajwc,  bestowed  with  little  reason,  became  disused,  but  the  people 
fctill  exist  as  Kiowas  or  Comanches,  or  both. 
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that  purpose  miilti|)lied  by  the  i-atio  of  supposed  general  decadence 
adopted  partly  on  the  false  report  of  their  own  extinction. 

Instances  of  combination  and  absorption,  now  well  ascertained, 
have  swelled  the  wail  of  extirpation.  The  Mascontins,  long  con- 
sidered an  extinct  tribe,  early  charted  as  south  of  the  Outagami 
or  Fox  River,  were  merely  some  bands,  under  a  local  name,  of 
SauUees  and  Kickapoos,  which  name  naturally  disappeared  with 
change  of  habitat.  The  Natchez  (a  most  interesting  though 
never  very  populous  body),  once  supposed  to  have  been  entirely 
destroyed  by  the  French,  at  about  1730,  are  to-day  keeping  up 
their  national  organization  in  the  Indian  Territor}-,  though  for 
sometime  lost  among  the  Creeks.  The  Hitchiti  have  been  redis- 
covered among  others  of  the  Muskoki  famil}-,  and  a  remnant  of 
the  Tutelos,  frequently  identified  with  the  Meherrin  of  Virginia, 
among  the  Canadians  at  Brandfort,  after  historic  doubts  had  been 
started  whether  any  tribe  so  named  had  ever  existed.  A  fair 
example  of  combination  is  presented  by  the  so-called  Uintas,  now 
at  the  Agency  of  that  name.  They  are  composed  of  Utahs  from 
the  region  of  Utah  Lake  ;  Suivirits,  from  the  Castle  Valle}- Country  ; 
Weber  Utes  from  the  Weber  River;  the  greater  part  of  the  Yam- 
pas  ;  some  of  the  Pah-Vants  from  Central  Utah :  and  Uinta  Ind- 
ians proper.  These  bands  are  all  noticed  together  in  the  last 
Report,  as  numbering  650,  and  have  each  been,  not  long  since, 
and  without  any  important  change  in  their  strength,  separately 
numbered  at  about  the  figures  now  given  for  the  whole,  thus  in 
quite  recent  times  improperly  adding  to  the  general  census;  and 
now  by  their  subtraction  assisting  the  theory  of  rapid  decrease. 
Consolidation  has  been  noticed  on  a  larger  scale  west  of  the 
Rocky  Mountains  and  adoption  has  been  so  notoriously  frequent 
even  among  hereditary  enemies,  as  to  induce  a  suspicion  that  the 
disappearance  of  the  names  as  well  as  numbers  of  some  of  the 
North-eastern  Tribes  has  been  occasioned  by  their  taking  refuge 
among  their  kinsmen  of  the  same  Algonkin  family,  the  Chippewas, 
called  also  Ojibwas  and  Mississaugas,  into  whose  large  popula- 
tion, now  over  28,000  in  the  United  States  and  Canada,  they  may 
readily  have  been  absorbed. 

The  main  explanations  of  the  lately  unquestioned  law  dooming 

all  our  native  race  to  speedy  death,  have  been  in  their  constant 

wars  and  the  strange  diseases  introduced.      As  regards  the  latter, 

small-pox  has  been   the  most  fatal   and  its  ravages  among  the 
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Pawtiickets,  Pokanokets,  Massachusetts  and  many  other  eastci*n 
tril)es  recordcfl,  besides  those  on  the  Pacific  Coast,  where  it  was 
conveyed  through  intor-trihal  cliannels  to  districts  still  iininvaded 
by  the  whites.  It  should  l)e  remembered  that  tliis  epidemic  has 
racjed  anion2^  other  races  and  in  other  lands  in  much  the  same 
maimer,  depopulating  some  localities  for  a  time  only,  and  a  lesson 
as  to  the  extravagance  of  estimated  tal)les  of  mortality  at  occasions 
of  pestilential  excitement  may  be  learned  from  the  Report  of  the 
Minister  of  the  Interior  of  the  Dominion  of  Canada  for  1876. 
An  awesome  story  had  been  circulated  in  the  newspapers  and 
called  to  the  attention  of  government,  that  in  1868  the  Indians  of 
Vancouver's  Island  had  been  nearly  exterminated  by  the  small- 
pox, the  habitual  phrase  ''hundreds  of  bodies  left  unburied"  at 
designated  points,  being  reproduced.  As  officials  had  been  accused 
of  neglect,  a  full  inquisition  was  ordered  which  established  the  truth 
that  only  eighty-eight  Indians  had  died  from  that  disease  in  the 
whole  district  during  the  entire  year,  and  that  the  fright  of  those 
who  fled  and  told  their  piteous  tale  to  the  nearest  settlers,  who  ex- 
hibited no  disposition  to  verify  it  by  a  visit  to  the  infected  region, 
had  occasioned  the  widely  credited  rumor,  which  without  this  prompt 
investigation,  would  soon  have  grown  into  an  authentic  tradition, 
and  been  quoted  to  prove  the  extinction  of  a  great  tribe.  The 
sweeping  and  always  intangible  plea  of  epidemic  disease  has  often 
been  resorted  to  for  the  rehabilitation  of  travellers  arraigned  for  a 
too  lively  imagination.  Rev.  Samuel  Parker,  in  1836,  reported  the 
Kalapuyas  of  Oregon  as  8000  souls,  but  Rev.  G.  Hines  who  lived 
among  them  for  years  beginning  with  1840  found  only  600.  Sim- 
ilar glowing  accounts  of  the  vast  field  for  missions  in  that  region 
led  to  the  detail  thither  of  a  disproportionate  force  of  missionaries, 
and  when  the  numerical  discrepancies  were  discovered  the  blame  was 
cast  upon  the  ague-fever  of  1829  and  the  still  earlier  small-pox, 
though  the  main  destruction  by  both  diseases  had  occurred  long 
before  an}'  of  the  misleading  agents  were  on  the  ground,  and  not 
in  the  interval  between  that  time  and  their  detection.  The  fact  is 
that  many  Indians  have  died  of  small-pox  as  did  many  Europeans 
before  the  days  of  Lady  Mary  Wortley  Montagu  and  Dr.  Jenner, 
and  also,  that  those  who  could  ran  away  from  the  danger,  as  more 
enlightened  people  do  now,  with  the  difference  that  the  latter  are 
brought  back  by  the  ties  of  real  and  personal  property,  which  not 
troubling  the  former,  thev  ever  after  avoided  a  locality  that  in  their 
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theory  of  disease  was  the  scene  of  deinoniac  wrath.  It  may  ho 
noteil  that  tliis  particuhir  disease  has  ceased  to  he  a  scourge  to  tlie 
tribes,  the  reports  of  fifty-six  Agents  in  the  years  1874,  1875  and 
187G,  not  inchiding  any  fatal  case. 

The  destructive  element  of  war  did  not  begin  its  influence  during 
our  histor}',  but  was  the  normal  condition  of  all  tribes  found  in  our 
territory,  and  we  only  added  to  the  list  of  combatants.  Every 
native  nation  was  in  a  state  of  war  with  every  other  not  in  actual 
alliance  which  was  seldom  lasting.  The  Algonkin  di\  isions  often 
fought,  each  with  the  other  and  all  with  the  Iroquois  and  Dakotas 
whenever  they  met,  while  the  scions  of  the  latter  stock,  Sioux, 
Mandans,  Assiniboins,  Crows,  Minnetarees,  etc.,  etc.,  waged  con- 
stant internecine  conflict.  That  the  whites  did  not  introduce  wars 
of  extermination  and  dispossession  is  well  shown  in  the  history  of 
the  Iroquois,  who,  according  to  their  traditions  once  resided  near 
Montreal  in  subjection  to  the  Adirondacks.  against  whom  they  rose 
unsuccessfully,  and  to  escape  destruction  fled  up  the  .St.  Lawrence 
to  the  Ontario  and  entered  the  present  state  of  New  York.  When, 
chiefly  through  the  excellence  of  their  governmental  system, 
strength  was  gained,  they  turned  their  arms  against  their  oUl  mas- 
ters, long  before  the  French  occupation,  persisting  in  continuous 
revengeful  attacks  until  in  1535  the  Adirondacks  had  been  driven 
wholly  out  of  their  former  country  and  beyond  Quebec.  They 
also  virtually  exterminated  the  Erics  and  Andastes,  their  linguistic 
kinsmen,  and  carried  conquest  in  all  directions.  In  1G07  Capt. 
John  Smith  met  them  in  canoes  navigating  the  upper  Chesapeake 
to  attack  the  Powhatan  confederacy.  The  Dutch  trading  with 
them  in  1615  at  the  present  site  of  Albany,  the  early  possession 
of  fire  arms  thus  obtained  only  stimulated  their  preconceived 
design  of  universal  dominion,  in  which  they  sent  forth  l)ands  who 
were  welcomed  back  with  victorious  scalps  taken  in  forays  from 
New  England  to  the  Mississippi,  and  from  the  northern  limits  of 
the  Great  Lakes  to  the  Tennessee  and  the  Curolinas. 

The  whites  were  never  more  systematic  or  successful  in  subju- 
gation by  force  of  arms  than  were  several  of  the  Indian  leagues, 
and  all  we  know  of  the  prevailing  customs  of  the  continent  tells 
us  that  war  was  with  its  natives  a  necessity  for  the  assertion  of 
manhood,  if  not  inculcated  as  a  religious  duty.  It  was  the  great 
highway  to  distinction,  hunting  being  the  mere  business  of  life, 
expertness  in  which  only  conferred  respectability  and  competence 
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(as  did  tradiii};  not  so  man}'  years  ago,  when  J^iirope  was  in  the 
n»ilit:int  stage)  even  oratory,  so  highly  admired,  seUloni  maintiiin- 
in"  influence  when  divorced  from  courage  and  buccess  in  arras. 
The  worship  of  Janus  might  have  been  introduced  with  special 
convenience,  as  no  doors  would  have  been  needed  for  his  cis- 
Atlantic  temi)le,  but  in  lieu  of  his  i)rofessed  adoration,  the  air  of 
America  never  ceased  to  vibrate  with  the  war  song.  Perhaps, 
since  the  power  of  the  white  race  has  been  established  with  re- 
straining effect,  there  have  been  fewer  and  less  blood}'  wars  than 
were  frequent  for  centuries  before,  and  certainly  for  years  past  no 
whole  tribe,  and  but  a  minority  of  individuals  among  very  few  of 
the  tribes  into  which  the  300,000  living  Indians  are  divided,  have 
been  on  the  war  path  against  any  other  in  the  United  States.  No 
such  conversion  from  less  to  greater  combativeness  is,  therefore, 
apparent  as  would  account  for  any  important  change  in  the  Indian 
population.  If  warfare  has  been  a  chief  cause  of  their  decrease, 
the}''  were  on  the  wane  long  prior  to  their  discovery.  Of  this, 
however,  there  is  no  evidence,  though  doubtless  the  consequences 
of  militancy  prevented  any  rapid  increase,  and  conquerors  like 
the  Iroquois  spent  their  own  blood,  as  did  their  Roman  prototj-pes, 
w^ith  the  same  plan  of  recuperation  by  adopting  subjects  into  their 
body  politic,  and  of  enjoying  central  peace  while  exercising  their 
plangent  prowess  beyond  an  ever-growing  frontier. 

It  will  be  useful  to  examine  the  facts  concerning  a  representor 
five  body  of  Indians,  which  should  be  one  early  and  familiarly 
known,  and  which  shared  all  the  changes  brought  by  the  European 
settlement.  For  this  purpose,  the  Iroquois,  first  called  the 
"Five,"  and  afterward  the  "Six  Nations,"  will  be  admitted  as  a 
perfect  selection.  They  were  among  the  first  of  the  natives  met 
b}',  and  were  familiar  alike  to,  the  French,  Dutch  and  English. 
Besides  the  conflicts  already  noticed,  they  fought  fiercely  with  the 
French  during  the  whole  period  the  latter  held  Canada  ;  and  most 
of  them  siding  with  the  British,  took  an  active  part  in  our  Revo- 
lutionary war,  with  the  result  of  being  dispossessed  of  their  lands, 
many  driven  into  Canadian  exile,  their  admirable  league  destroyed 
and  very  tribal  organization  seriously  weakened.  For  two  centu- 
ries and  a  half  they  have  been  exposed  to  the  diseases  and  alcohol 
of  civilization,  and  for  much  of  the  last  centur}',  in  their  present 
homes,  have  been  surrounded  with  all  its  irood  and  bad  influences. 
Dr.  Lewis  II.  Morgan,  the  distinguished  author  of  the  "League 
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of  the  Iroquois,"  places  tlioir  iiKiximum  stionjith  at  about  tho  vonr 
1650,  at  25,000;  Init  in  liis  ''Ancient  Society"  he  niOiUlies  Hint 
view  so  far  as  to  achnit  that  there  were  never  more  than  25,000 
Indians  in  the  state  of  New  Yorli,  inchuling  with  tho  Iroquois  tiie 
Algonkins  east  of  the  Hudson  and  on  Long  Island,  and  the  Kries 
and  Attionandarons  or  Neutral  Nation  in  tiie  western  part  of  the 
state.  "Wentwortii  Greenhalgh,  in  1677,  travelled  through  the 
Iroquois  country  with  instructions  to  ascertain  their  true  nuuihers, 
which  he  reported  at  2,150  warriors  or  10,750  souls.  Sir  William 
Johnson  in  1763,  estimated  their  strength  at  2,330  warriors  or 
11,650  souls,  including  the  Tuscaroras  wlio  had  joined  llie  Con- 
federacy as  its  sixth  nation  in  1715,  anil  had,  therefore,  not  l)een 
mentioned  by  Greenhalgh.  No  one  will  doubt  that  Sir  William 
Johnson,  for  many  years  British  Superintendent  of  Indian  atlairs, 
who  lived  and  married  among  these  ver}*  tribes,  had  a  more  tii<»r- 
ough  knowledge  of  them  than  any  other  white  man  at  that  period 
had  of  them  or  of  any  other  tribes  on  the  Continent.  His  ollicial 
report  has  consequenth'  nearly  the  weight  of  a  census  return. 

There  were,  in  1877,  in  the  United  States,  of  the  Six  Nations, 
in  ascertained  localities  and  distinct  bodies,  6,715  souls, ^  besides 
some  fragments  known  to  be  commingled  with  other  tribes,  and 
not  easily  distinguishable. 

The  annual  report  of  the  Minister  of  the  Interior  for  the  Domin- 
ion of  Canada,  for  1876,  tabulates  as  follows  for  the  Iroquois  living 
on  Reservations  or  connected  with  Agencies  in  that  country. 

In  the  province^  Oneidas  of  the  Thames        ....  OOl 

of              ^  Moluiwks  of  tlic"  Bay  of  Quinte     .  822 

Ontario         C  Six  Niitions  of  Grand  Kiver     .     .     .  3,0G9 

In  the  Province  r  Iroquois  of  Caufjlinawaga  ....  1,511 

of  Quebec.       I  Iroquois  of  St.  Regis 947 

The  addition  being  6,953 

Their  annual  increase  during  the  last  eight  years  has  been  about 

•Their  distribution  was  as  follows:  Senecns,  in  Sew  York  and  Pennsylvania,  2.903, 
in  Indi.nn  Territory-,  235;  Eastern  Shawnecs,  115;  Onoidas,  in  New  York,  24H,  in  Wiscon- 
sin. 1.3-24;  Oiiondagas,  403;  Cayugas.  1)*4;  Tuscaroras,  401;  St.  Itegis,  7.>l.  The  St. 
Itegis  Indians  arc  chiefly  descendants  of  Mohawks,  who  emignUed  to  Canada  In  the 
seventeenth  century,  under  the  guidance  of  Jesuit  missionaries,  and  were  sometimes 
called  Caghnawagas.  A  portion  of  them  afterwards  settled  on  the  ."^t.  Lawrence,  ancl 
the  boundary  line  when  established  between  the  United  States  and  Canaila  left  part  nf 
them  to  be  now  reported  in  the  Canadian,  and  part  in  the  United  States  census.  The 
small  band  now  known  as  -'Eastern  .Stiawnees,"  early  united  with  the  Senecas,  and 
have  probably  lived  with  them  since  1711. 
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two  per  cent.,  :unl  the  portions  of  the  same  tribes  in  the  United 
States  h:ive  also  shown  of  late  a  regular  growth.  Combining  the 
numbers  on  both  sides  of  the  border,  there  are  1.3,068  this  day 
clearly  accounted  for  at  points  designated,  which  we  may  at  least 
compare  with  Sir  William  Johnson's  trustworthy  figures  of  1763, 
antl  the  result  is  that  there  are  shown  to  be  more  than  2,000 
Iroquois  now  living  than  there  were  thirteen  years  before  our  Dec- 
hiration  of  Independence.  This  does  not  corroborate  Mr.  School- 
craft's ex  cathedra  dictum,  that  ''the  red  man  withers  at  the  touch 
of  civilization." 

A  criticism  may  be  urged  upon  these  figures,  that  they  include 
in  the  case  of  some  of  the  present  Canadian  and  New  York 
Iroquois,  a  considerable  number  who  are  not  of  pure  blood  ;  but, 
while  that  fact  may  suggest  discussion  about  amalgamation,  it 
does  not  help  the  "withering"  and  "blight"  theory.  Consul 
Blake's  laborious  and  impartial  investigation  in  1870,  of  the 
Indians  in  British  America,  shows  that  there  is  no  sterility  in  the 
mixed  blood,  the  numbers  of  the  hybrid  tribes  in  Canada  having 
multiplied  in  stead}'  progression  since  1844,  and  the  same  fact  is 
noticed  in  New  York  and  the  Indian  Territory,  as  well  as  in  parts 
of  Massaclmsetts  and  Wisconsin,  where  the  sons  of  the  soil  have 
left  families  only  known  to  be  theirs  through  records  and  tradition, 
being  hardly  ti'aceable  by  name  or  appearance.  When  the  Dutch 
of  Pennsylvania  and  the  French  of  Louisiana  have  begun  to 
anglicize  their  habits  and  partially  their  surnames,  becoming 
intermarried  and  commingled  in  the  general  transactions  of  life 
with  more  aggressive  immigrants,  we  do  not  speak  of  their  extinc- 
tion, but  of  their  fortunate  absorption  into  the  national  unity.  In 
this  sense  there  may  well  be  a  disappearance  of  the  American 
stock  in  accordance  with  beneficent  law  ;  but  that  is  widely  differ- 
ent from  its  supposed  eradication  through  deplorable  fatality. 
The  actual  amount  of  this  absorption  is  not  deducible  ftom  our 
last  census,  as  its  announced  plan  was,  that  when  any  persons  of 
Indian  blood  were  found  residing  with  the  whites,  adopting  their 
habits  of  life  and  methods  of  industry-,  they  were  classed  with  the 
■white  population.  The  loss  to  Indian  credit  thus  resulting  may 
be  offset  against  the  admixture  of  foreign  blood  in  reservations. 

Instances  are  clearly  ascertained  of  other  Indian  divisions  hav- 
ing largely  increased  during  the  last  century.  The  French,  who 
seldom   erred  on  the  side  of  minoration,  in  1736  estimated  the 
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Dakota-Sioux  as  12,000.  Captain  Carver  in  17G6  considcro*! 
them  not  so  numerous.  Schoolcraft  in  1847  tabulated  tlicm  us 
14,500,  l)esiclcs  G,570  in  another  coUinin,  proltaUly  intended  to  he 
includetl,  and  making  their  number  21,000.  Comparing  the 
Report  of  the  Indian  Commissioner  for  187(>,  with  that  of  the 
corresjjonding  Dominion  Bureau  of  the  same  year,  and  the  con- 
current opinions  of  otlicers  of  the  United  States  Army,  publisiied 
or  known  to  the  present  writer,  the  actual  strength  of  tiie  Sioux 
Confederacy  in  the  United  States  and  Canada  cannot  be  less  than 
50,000.  If  tlie  French  were  right  in  17.'3(),  this  bcnly  has  (]ua(b'u- 
pled  in  140  years  ;  and  if  Schoolcraft,  whose  spectacles  in  U)oking 
at  Indian  masses  were  by  no  means  concave,  was  correct  in  1H47, 
it  has  doubled  in  twenty-nine  years,  though  at  war  with  other 
tribes  or  whites,  or  both,  for  nearly  the  whole  period  since  they  were 
first  known,  the  latter  part  of  which  has  been  with  general  expos- 
ure to  foreign  diseases  and  whiskey,  though  not  so  generally  to  the 
better  concomitants  of  civilization.  Without,  however,  relying 
upon  any  comparison  of  estimates,  it  is  enough  to  quote  the  report 
of  the  missionaries  who  have  lived  continuously  for  the  last  half 
century  among  the  Sioux,  that  they  have  increased  one-third  <Uiring 
that  time.  Tlie  letters  of  Messrs.  Riggs  and  Williamson  lately 
published,  clearl}'  show  the  rationale  and  duration  of  decline  at- 
tending the  first  "transplanting,"  as  the  latter  happily  terms  the 
change  of  condition. 

No  actual  count  of  the  Cherokees  was  made  until  1809,  when 
they  were  found  to  numl)er  12,395.  In  the  Report  of  the  Indian 
Bureau  for  1876,  they  api)ear  as  21,072,  notwithstanding  their 
losses  in  the  rebellion.  The  Seminoles  have  before  been  noted  as 
doubling  under  the  same  disadvantage  during  the  last  forty  j-ears, 
and  other  examples  of  similar  increase  could  be  accumulated. 

It  may  here  be  remarked  to  avoid  criticism,  that  a  number  of 
bands  of  several  tribes  before  discussed,  have  been  accounted  for 
beyond  the  limits  of  the  United  States,  for  whom  so  far  as  an 
inquir}'  is  confined  to  the  aboriginal  ix)pulation  of  the  latter, 
proper  allowance  must  be  made;  but  there  have  l)een  some 
exchanges  with  Canada  to  our  credit ;  for  instance,  part  of  the 
Hurons  and  several  Algonkin  tribes,  and  the  main  point  of  interest 
is  not  whether  displacement  has  left  the  descendants  of  the  his- 
torically recognized  Indians  of  our  country'  north  or  south  of  the 
frontier,  but   whether,   since  being  subjected  to  the  influence  of 
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civilization,  they  have  become  extinct  or  lamentahl}'  reduced, 
iuoril)und  if  not  in  artiado  mortis,  according  to  the  popular  belief. 

An}'  fair  examination  on  the  sui>ject  must  give  due  weight  to 
cases  where  loss  is  known,  and  in  that  connection  the  instance  of 
California  should  be  specially  discussed,  where,  including  Oregon 
as  partner  in  its  bad  eminence,  the  destruction  of  Indians  directly 
caused  by  the  immigration  of  the  whites  has  probably  ])een  greater 
than  in  all  the  other  parts  of  the  United  States  combined.  The 
discovery  of  gold  brought  there  with  a  sudden  rush,  a  lawless  and 
greedy  host  of  miners,  squatters  and  adventurers  of  the  worst 
t3-pe,  when  there  was  no  provision  made  by  law  or  ruling  custom, 
either  for  natives  or  orderly  settlers.  The  tribes  there  were 
unusually  mild  in  character,  and  some  of  them  had  been  already 
successful I3"  subjected  through  the  S[)anish  missionaries  to  civi- 
lized usages.  Mr.  J.  Ross  Browne  commenced  his  vivid  article  in 
Harper's  Magazine  for  August,  1861,  with  the  assertion  that  when 
the  state  was  admitted  into  the  Union  (which  was  in  I80O)  the 
number  of  Indians  within  its  borders  was  100,000,  and  under  the 
heading  of  California  the  Report  of  the  Commissioner  of  Indian 
Affairs  for  1876,  enumerates  but  8,424.  Mr.  Browne  was  extrav- 
agant in  his  estimate,  though  he  was  not  and  could  not  be  so  in 
his  denunciation  of  the  murders  of  Nome  Cult  Valley  and  Hum- 
boldt Ba\',  or  of  the  legislative  crimes  by  which  the  tribes  were 
driven  from  their  old  homes  to  improperly  managed  reservations, 
out  of  which  they  were  speedily  cheated  or  squeezed,  leaving  them 
without  any  resource  whatever.  He  might  have  detailed  also  how, 
when  Governor  Weller  authorized  one  W,  J.  Jarboe  to  organize  a 
company,  he  in  twenty  da3S  killed  more  than  400  harmless 
natives,  took  600  prisoners,  and  had  only  one  of  his  own  command 
killed,  and  three  wounded  —  reporting  upon  those  facts  a  campaign 
of  fifteen  victorious  battles — and  also  how  the  Round  Valley  tribe 
had  its  20,000  acres  of  fine  arable  land  changed  for  a  desolate 
mountain.  Nevertheless,  there  were  not  so  man}-  Indians  massa- 
cred and  starved  as  he  supposes,  simply*,  and  perhaps  onl}', 
because  they  did  not  exist  to  be  in  the  way  of  Anglo-Saxon  enter- 
prise. 

The  Secretary  of  State  of  California,  shortly  after  its  admis- 
sion, stated  the  number  of  its  Indian  population  to  be  32,000,  in 
which  he  was  doubtless  prompted  by  the  Report  of  the  Spanish 
missionaries  in  1802,  giving  the  same  figures  ;  but  an  analysis  of 
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the  latter  shows  how  loosely  its  total  was  coinposetl.  They 
tabulated  their  eighteen  missions  at  14.391  only,  added  for  niusteos 
and  mulattos,  1300,  and  a  rough  guess  at  what  they  called  "wild 
tribes,"  as  16,000,  thus  Ibrming  the  32,231  of  their  report,  iu 
which,  as  would  natural)}-  be  inferred,  and  as  Fayette  Robinson 
specifically  states,  they  included  the  whole  of  the  peninsula  ot 
California,  as  well  as  other  lands  beyond  the  present  boundaries 
of  the  State.  In  the  same  paper,  the  whole  population  of  Alta 
California  is  noted  for  the  same  year  as  15,652,  with  the  annexed 
expression,  "including  Indians  attached  to  the  soil."  Making  the 
deduction  for  error  found  to  apply  in  all  mere  estimates  of  "wild 
tribes,"  not  long  and  familiarly  known,  the  missionary  authority 
would  indicate  that  the  Indians  of  California  were  not  in  1802 
much  more  than  20,000.  Our  Commissioner's  Report  is  almost 
equally  misleading  in  the  opposite  direction,  giving  only  the 
census  of  the  Agencies  actually  in  the  State,  and  an  estimate  of 
those  not  attached  to  any  Agencies  ;  when  there  are  many  Indians 
in  it,  officially  under  Agencies  located  a  short  distance  beyoutl  its 
borders,  and  others  who  are  known  to  have  moved  or  fled  from 
California  within  recent  years,  who  undoubtedly  are  the  descen- 
dants of  tribes  embraced  in  the  Missionary  Report.  A  statement 
of  those  presented  under  the  excellent  authority-  of  Major  J.  W. 
Powell,  in  charge  of  the  U.  S.  Geog.  and  Geol.  Survey  of  the 
Rocky  Mt.  Region,  is  as  follows : — 

Mojave  and  Cliiincliueva  on  Reservations      ....  2,070 

Yuma  on  Keservalions 3.j2 

Mojave  not  on  Reservations 700 

Indians  reporting  to  Pi-Ute  Reservation  in  Nevada    .  500 

Panamints  not  in  any  report 400 

Indians  who  crossed  the  mountains  to  Nevada,  not  at 

Agencies 500 

Those  gone  to  Idaho  and  Oregon 300 

Total  number  of  California  Indians  not  specifically 

reported  as  such  by  the  Indian  Commissioner    .     .      4.822 
Added  to  those  so  reported 8,424 

The  total  comprises 13.240 

For  comparison  with  the  Missionary  Report  should  be  added  all 
the  Peninsula  tribes,  no  reliable  estimate  of  which  can  yet  l)e  made, 
nie  Census  of  1870  gives  the  number  of  29,025  Inilians  in  Cal- 
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iCornia,  of  which  7.211  were  out  of  tribal  rohitions.  This  nearly 
coincitlcs  witii  the  estimate  of  tiie  missionaries  seventy-five  years 
ago,  liut  wouhl  show  an  incredible  loss  during  the  last  seven  3'ears 
wiiereas  most  of  the  known  decrease  occurred  liefore  1870.  No 
statistics  on  the  sul)ject  are  relial)le,  but  even  admitting  that  10,000 
Indians  may  have  Itccn  destroyed  during  the  last  quarter  of  a  cen- 
tury, it  must  be  considered  that  the  circumstances  were  wholly 
exceptional.  The  crime  was  not  accomplished  by  white  civilization, 
but  by  white  barbarity.  In  most  other  districts  the  pressure,  though 
steady,  was  comparatively  slow  ;  the  pioneers,  themselves  3'et  weak, 
were  in  contact  with  warlike  tribes,  and  at  first  on  their  good  behav- 
ior, even  when  their  personal  character  might  not  have  been  just 
and  humane.  In  California  a  horde  of  robbers  burst  like  a  tornado 
upon  natives  partly  weaned  by  missionary  efforts  from  distrust  and 
the  use  of  arms,  at  a  time  when  Lynch  law  was  the  only  tribunal, 
and  the  Vigilance  Committee  a  blessing  to  the  whites  themselves. 
However  the  diminution  of  the  race  in  that  State  may  affect  the 
census,  it  cannot  be  allowed  to  influence  the  decision  of  any 
question  regarding  its  decay  through  the  advent  of  civilization. 

During  the  last  three  years,  and  only  for  that  time,  has  there 
been  an}-  oflicial  report  of  the  births  and  deaths  among  the  several 
tribes,  sufficiently  general  to  be  of  value.  Those  for  the  period 
mentioned  have  been  tabulated,  and  the  averages  taken  from  the 
returns  relating  to  over  100,000  Indians,  by  Mr.  S.  N.  Clark,  of 
the  Bureau  of  Education,  and  lately  published  in  a  pamphlef* 
upon  Indian  Civilization  and  Education,  issued  by  General  John 
Eaton,  as  representative  of  the  Department  of  the  Interior  at  the 
National  Exhibition  of  1876, 

In  1874  the  births  were  4.48  per  cent. ;  deaths  2.32  per  cent. ; 
net  increase  2.15  per  cent. 

In  187.")  births  2.55;  deaths  1.57;  increase  .98,  or  nearl}' one 
per  cent. 

In  187G  births  2.91  ;  deaths  2.31  ;  increase  six-tenths  of  one  per 
cent. 

These  averages  were  not  taken  from  selected  bodies,  but  from 
the  whole  aggregate  of  births  and  deaths  reported,  which  were 
from  nearly  one  hundred  tribes,  or  parts  of  tribes  ;   yet  as  the 

<Tlii<  iiamiililet  was  issued  after  the  re.iding  of  this  i)aper,  but  the  contents  of  it 
now  used  had  been  kindly  funiislied  to  the  writer  before,  and  acknowledged  in  yie 
paper  when  read. 
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more  civilized  tribes  have  been  tlie  more  accessible  to  tlu-  ollicial 
reporters,  whatever  of  increase  is  shown  must  be  among  llu-m  as 
well  as  among  the  wililer,  by  no  means  a  large  proportion  of  the 
latter  being  embraced  in  the  returns.  The  wars  of  1m7.')  and  1«7G 
not  only  swelled  the  known  deaths,  but  by  confusion  and  displace- 
ment prevented  the  enumeration  of  births,  these  causes  producing 
a  slight  falling  off"  in  the  increase  of  those  years  from  the  average  of 
1874.  The  tribes  in  the  Indian  Territor}',  among  whom  at  once  the 
growth  is  admitted  to  be  thoroughly  established  and  who  are  the 
most  advanced  in  civilization,  are  not  included  in  these  statistics 
but  would  surely  swell  the  percentages. 

When  a  fact  is  ascertained,  reasons  to  account  for  it  sprout  up 
with  gratifying  profusion.  Among  several  (besides  the  improve- 
ment in  shelter,  food  and  clothing,  which  never  fails  to  be  benefi- 
cial to  health  and  longevity  after  the  first  critical  change  of  habits 
is  overcome)  that  might  be  adduced  to  explain  why  the  present 
condition  of  man}'  tribes  would  naturall}'  tend  toward  increase,  is 
one  founded  on  the  changed  value  of  their  infant,  infirm  and  aged 
members.  Their  former  main  object  was  to  enhance  warlike  force 
for  the  moment  and  the  near  future.  The  old  and  helpless  were 
military  imj>edinienta  and  often  left  to  death,  if  not  assisted 
thither  in  mercy  as  well  as  necessity.  The  doctrine  of  the  survival 
of  the  fittest  was  strictly  carried  out  by  the  destruction  of  unprom- 
ising children  ;  and  when  births  occurred  at  untoward  times,  the 
inconvenience  was  not  allowed  to  continue.  No  occasion  api)eared 
favorable  to  the  rearing  of  twins,  one  of  them  being  as  a  rule  killed 
or  exposed.  In  the  frecpient  emergencies  of  their  precarious  life, 
even  apart  from  active  warfare,  the  weak  were  generally  sacrificed. 
When,  however,  rations,  gratuities  and  annuities  became  attainable 
b}-  the  heads  of  families  in  proportion  to  the  size  of  the  latter,  all 
its  meml)ers,  before  a  source  of  weakness,  became  elements  of  gain, 
and  were  cherished  because  they  could  be  counted.  Not  only 
would  such  low  and  crafty  motives  operate,  but  the  individuals  of 
a  family,  who  from  age  or  malformation  were  useless  in  war  and 
the  chase,  became  of  actual  and  legitimate  value  in  agriculture 
and  such  manufactures  as  were  attempted.  The  influence  and  fear 
of  surrounding  whites  also  tended  to  break  up  the  cruel  customs, 
in  the  continuance  of  which  no  special  or  selfish  interest  was 
gratified,  and  thus  the  ratio  of  births  to  deaths  was  enhanced, 
which  the  causes  indicated  had  for  ages  tended  to  depress. 
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The  -Toint  Committee,  in  18G7,  while  grudgingly  admitting  the 
iiKMT.ist'  of  the  tribes  in  the  Indian  Territory,  declared  it  to  be 
exceptional,  and  assigned  as  one  of  its  causes  that  those  Indians 
had  from  their  earliest  history  kept  herds  of  horses,  which  statement 
woidd  seem  to  imply  remarkable  ignorance  as  to  the  date  of  the 
reintrodnction  of  that  animal.  The  Cherokees,  however,  could  not 
have  obtained  horses,  in  any  large  number,  much  sooner  than  did 
the  Cheyennes  and  Dakotas,  and  not  so  early  as  the  Apaches  and 
Xavajos.  A  few  years  ago  the  advocates  of  slavery  attributed 
the  progress  of  these  same  Cherokees  to  that  civilizing  institution, 
which  argument  is  not  now  so  much  in  vogue.  The  simple  truth 
is  that  the  Creeks,  Cherokees,  Chicasas  and  Choctas,  have,  like 
the  Iroquois,  been  for  a  longer  period  than  most  other  tribes  with- 
out molestation  and  continual  deportation.  Though  some  of  them 
were  early  driven  from  their  homes  first  known  to  us,  they  had  a 
fair  halt  in  Tennessee,  Georgia,  Alabama  and  Mississippi,  when 
the  tide  of  emigration  rolled  by  and  left  Missouri,  Arkansas  and 
Louisiana  interposed  between  them  and  the  attacks  directed  upon 
victims  still  farther  west.  By  this  rest  they  obtained  a  start  in 
culture,  which  continued  after  they  had  been  removed  to  their 
present  reservations  ;  and  the}^  illustrate  the  fact  that  whenever  a 
tribe  has  been  permitted  to  be  stationar}'  for  any  considerable 
time,  and  has  enjoyed  a  season  of  repose  from  invasion  and  legal- 
ized injustice,  it  has  correspondingl}^  increased. 

The  arguments  of  the  Joint  Committee,  and  of  the  authorities  it 
quotes,  amount  to  but  the  safe  assertion,  that  when  human  beings 
are  starved  and  butchered,  demoralized  and  pauperized,  they  will 
deca}'  in  numbers  and  character.  The  Report  flourishes  a  smart 
generalization  that  the  Indians  adopt  the  vices  of  the  whites  rather 
than  their  virtues.  It  should  be  remembered  that  other  races  have 
been  once  ignorant  of  agriculture  and  averse  to  regular  toil,  and 
it  has  required  thousands  of  j'ears  for  the  maturity  of  their 
culture,  fiom  the  point  already  reached  by  the  tribes  when  first 
met  by  us.  It  is  silly  to  expect  a  sudden  improvement  among 
any  people  by  the  presto  change!  of  political  conjuration,  when 
their  old  modes  of  life  are  forbidden  and  none  furnished  instead  ; 
when  their  hunting  grounds  are  fenced  in  or  cleared  of  game,  and 
their  rivers  dammed  and  polluted  ;  when,  without  instruction  in 
agriculture,  thej-  are  corulled  on  soil  so  poor  that  the  most  indus- 
trious Dutchman  scorns  it  as  a  free  gift ;  when  they  are  tempted 
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■with  whiskoy  and  trinkets  in  a  consistent  plan  for  the  jiain  of 
traders  and  hind-sharks;  when  the  priee  of  home  and  hiood  i.s 
doleil  out  irregularl}',  so  as  to  insure  pauperism  and  prechuU* 
attempts  at  steady  work  on  the  grudged  spots  whence  they  are 
ever  hounded  away,  fa*st  b}' squatters  and  next  by  sohliers,  against 
the  plighted  faitli  of  treaties.  Remorseless  speculators  and  igno- 
rant legislators  have  in  fact  done  their  best  to  prevent  any  improve- 
ment among  the  Indians,  and  to  hasten  the  extermination  which 
they  sometimes  avow  that  they  would  welcome  as  a  national 
blessing ;  but,  fortunately,  enough  tribes  and  bands  have,  through 
amazing  energy  and  by  taking  advantage  of  some  respites  from 
persecution,  proved  their  fitness  to  be  regarded  as  future  useful 
citizens.  Consul  Blake  takes  direct  issue  with  our  Solons  in 
Joint  Committee,  showing  that  "in  the  n)ore  settled  jjarts  of 
Canada  the}'  have  passed  through  the  critical  stage,  and  the 
assimilation  of  their  habits  to  those  of  the  white  race,  so  far  from 
threatening  their  gradual  extinction,  is  producing  results  directly 
opposite."  The  same  is  true  in  this  country,  where  it  has  been 
permitted  b}'  a  cessation  of  robbery  and  ''transplanting"  to  be  phys- 
ically possil)le.  The  Seneca  and  the  Chocta  now  lake  prizes  in 
agricultural  fairs.  The  Cherokee  legislature  would  be  a  good  school 
in  decorum  and  common  sense  for  our  House  of  Representatives ; 
and  some  of  the  Reservations,  for  observance  of  law,  interest  in 
education  and  success  in  useful  industries,  compare  favorably  wiUi 
our  white  frontier  population.  There  is  nothing  exceptional  in  the 
character  of  the  Iroquois  or  the  Cherokee  to  account  for  his  emerg- 
ing from  the  perishing  class  into  assured  i)rosperity.  Tortious  of 
the  fierce  Dakotas  and  the  haughty  Sahaptins  have  shown  tiie  same 
adaptability.  If  they  can,  so  can  all.  At  any  i)oiuts  where  the 
race  is  now  degraded  and  diniinisliing,  it  is  not  from  an  irrepressi- 
ble conflict  with  civilization,  but  with  civilization's  unworthy  local 
and  Washington  representatives. 

The  conclusions  submitted  are,  that  the  native  population  of  the 
territory  occupied  by  the  United  States  at  its  discovery  has  been 
wildly  over-estimated  —  that  while  many  of  its  opponent  bodies 
have  diminished,  or  been  destroyed  by  oi)pression  and  violence,  their 
loss  has  been  in  large  partcompensated  liy  gain  among  others — that 
the  "blight"  and  "withering"  or  ferai  natiiroi  theory  is  proved 
absolutely  false,  and  that  though  some  temporary  retrogradation 
must  always  be  expected  among  individual  tribes  at  the  crisis  of 
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tlicir  transition  from  savagery  or  harharisin  to  more  civilized 
haliits,  yet  now.  the  nunil)er  of  our  Indians  is  on  the  increase  and 
will  naturally  so  continue,  unless  re[)ressed  by  causes  not  attribu- 
table to  civilization,  but  to  criminal  niisgovernment,  until  their 
final  absorption  into  the  won<h"ous  amalgam  of  all  earth's  peoples, 
which  the  destiny  of  tliis  country  may  {)ossibly  effect.  Neither 
from  views  of  their  pliysiological,  religious  or  sociological  charac- 
teristics should  they  be  regarded  as  an  exceptional  or  abnormal 
part  of  the  human  race,  or  so  treated  in  our  national  policy. 
Only  those  legislators  and  officials  who  are  prepared  to  encourage 
downright  murder  can  neglect  their  duty  under  the  Satanic  con- 
solation of  the  convenient  extinction  doctrine.  With  continued 
injustice,  more  Sitting  Bulls  and  Chief  Josephs,  driven  into  the 
last  refuge  of  despair,  will  require  expenditure  of  blood  and 
treasure  which  simple  truth  and  honesty  would  not  onl}'  prevent, 
but  would  preserve,  reclaim  and  elevate  a  race  intrusted  to  our 
national  honor,  which  may  readily  and  with  no  long  delay,  become 
a  valuable  element  in  our  motley  community. 


TITLES    OF    OTHER    PAPERS    READ    IX    SUBSECTION 
OF    ANTHROPOLOGY. 


Introduction  to  the  Stuuy  of  the  Indian  Language.  By  J.  W. 
Powell,  of  Washington,  D.  C. 

Rkpout  on  the  ILxplouation  of  the  Graves  of  the  Mound 
Builders  in  Scott  and  Mississippi  Counties,  Missouri.  B}' 
Horatio  N.  Rust,  of  Chicago,  Illinois. 

Some  Observations  on  the  Skull  of  a  Comanche.     By  T.  O. 

Summers,  jr.,  of  Nashville,  Tenn. 

On  the  Ancient  Excavations  in  Western  North  Carolina. 
By  Alexis  A.  Julien,  of  New  York. 

On  the  Origin  of  the  Japanese.  By  Shuje  Isavva,  of  Cam- 
bridge, Mass. 


EXECUTIVE  TROCEEDINGS 

OF 

THE  iS^ASHYILLE  MEETING. 


HISTORY  OF  THE   MEETING. 

At  the  Newport  mectiiij;,  held  in  1800,  it  was  voted  to  accept  the  invi- 
tation from  Nashville  to  hold  the  meeting  for  18G1  in  that  city.  Witli  that 
year,  however,  came  the  unhappy  state  of  affairs  in  the  country  which 
prevented  the  Association  from  holding  a  meeting  for  five  years.  In  180C 
the  fifteenth  meeting,  which  was  to  have  been  lield  in  Nashville,  was 
called  i)y  the  Standing  Committee  to  take  place  in  Buffalo,  and  the  meet- 
ings have  been  held  annually  since  that  time  with  constantly  increasing 
importance  and  interest.  In  1875  the  iuvilatiou  from  Nashville  was  re- 
newed with  such  cordiality  by  the  citizens  that  it  was  almost  impossiljle 
for  the  Association  to  decline  the  invitation  for  the  following  j'ear.  Had 
it  not  been  for  the  necessity  of  holding  the  meeting  of  1876  at  a  place 
easily  accessible  from  Philadelphia,  the  centre  of  scientific  interest  during 
the  Centennial  Exhibition,  the  invitation,  undoubtedly,  would  have  been 
accepted.  When  the  Association  was  assembled  at  Buffalo  for  the  second 
time,  the  invitation  from  Nashville  was  renewed  and  unanimously  ac- 
cepted. The  twenty-sixth  meeting  of  the  Association,  therefore,  was  held 
at  Nashville,  Tennessee,  beginning  on  Wednesday  morning,  August  29, 
1877,  and  closing  on  the  Tuesday  night  following. 

Notwithstanding  the  dread  of  the  summer  heat,  which  naturally  would 
be  expected  at  a  place  so  far  south  as  Nashville,  niany  northern  and 
eastern  members  were  present;  the  attendance  of  registered  members  at 
the  meeting  being  only  one-fifth  less  than  at  Buffalo  tiie  year  preceding, 
and  the  heat  which  so  many  had  feared  to  encounter  was  not  found  more 
oppressive  than  at  several  previous  meetings  in  eastern  localities. 

The  cordial  manner  in  which  the  Association  had  been  invited,  the 
unusual  interest  taken  in  the  meeting  by  the  citizens,  and  the  open-handed 
hospitality  witli  which  every  member  was  welcomed,  united  with  the  ex- 
cellent arrangements  made  for  tlie  personal  comfort  of  members,  and  the 
convenience  of  places  of  meeting  in  the  cool  and  delightfully  situated 
Capitol,  all  combined  to  make  the  meeting  one  long  to  be  remembered  by 
those  present.  The  only  regret  expressed  was  caused  by  the  absence  of 
northern  and  eastern  members  who  were  unat)le  to  undertake  so  long  a 
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journov  In  tlic  heat  of  Aujrii><t.  'I'liis  n-'jrt't  was  jrrcatly  increased  when 
It  was  known  lliat  the  Ketiiinj^  I'lesuh-nt,  I'lofessor  Hofjers,  and  the  Vice 
rresideut  elect  of  Section  A,  Professor  Piclcenng,  would  be  prevented 
from  attending  on  this  account.  The  forced  absence  of  Professor  Rogers 
was  deeply  felt,  as  he  had  been  so  long  identified  with  the  development  of 
science  in  the  South  as  to  be  regarded  as  essential  to  the  success  of  the 
meeting;  but  his  cordial  and  cheering  letter  showing  his  continueil  interest 
in  the  Association  and  assuring  his  southern  friends  of  his  well-founded 
liopes  of  a  successful  meeting,  in  a  measure  relieved  the  feelings  of  the 
members  and  subdued  the  regret  which  was  expressed  for  the  loss  of 
the  cheering  words  of  fellowship  he  would  have  given  in  person  had  his 
health  permitted. 

The  generous  hospitality  of  the  citizens  of  Nashville  has  never  been 
excelled  at  any  former  meeting,  while  the  arrangements  made  by  the  Lo- 
cal Committee  were  not  only  complete  in  relation  to  the  business  of  the 
meeting,  but  in  regard  to  entertainments  and  excursions  were  of  a  very 
extended  anil  generous  character;  making  it  indeed  difficult  for  the  mem- 
bers while  striving  to  perform  the  duties  of  the  meeting,  to  accept  the 
many  invitations  which  were  so  cordially  extended  to  them.  The  hope 
that  this  meeting  would  again  bring  into  the  ranks  of  the  Association  the 
southern  men  of  science  who  had  returned  but  slowly  since  the  meeting 
of  186G,  was  shown  to  be  well  founded,  and  Dr.  J.  Berrien  Lindsley,  the 
Local  Secretary,  and  one  of  the  southern  founders  of  the  Association, 
who  had  maintained  his  membership  intact,  succeeded  in  bringing  to  the 
Association  even  a  larger  number  of  southern  members  than  was  antici- 
pated. With  this  increase  of  membership  from  the  south  and  the  addi- 
tions that  may  be  expected  at  the  St.  Louis  Meeting,  the  national  character 
of  the  Association  is  assured  and  all  sections  of  the  country,  hereafter, 
will  be  well  represented  at  its  meetings.  In  this  connection  it  is  a  pleas- 
ure to  record  the  interest  taken  by  the  southern  press  in  the  objects  of 
the  Association  and  the  valualile  aid  thus  given  to  the  Local  Committee. 
To  the  editors  of  the  Xashville  American  is  this  acknowledgment  particu- 
larly due,  not  only  for  their  efi"orts  in  making  known  the  character  of  the 
Association  previous  to  the  meeting,  but  also  for  their  care  in  reporting 
the  daily  proceedings  with  a  fulness  and  accuracy  which  has  seldom  been 
equalled. 

By  the  action  of  the  State  authorities,  the  Local  Committee  secured  the 
Capitol  for  the  use  of  the  Association,  and  every  facility  possible  was 
given  by  the  State  officers.  To  Colonel  Gibbs,  the  Secretary  of  State  and 
acting  Governor  during  the  absence  of  Governor  Porter,  the  members 
were  under  constant  obligation  for  the  interest  he  evinced  in  the  Associa- 
tion and  his  desire  to  do  all  in  his  power  personally  and  officially  to  add 
to  the  cordial  welcome  extended  by  the  Local  Committee.  To  Mr.  Glover, 
who  had  charge  of  the  Capitol,  the  members  were  also  indebted  for  many 
personal  favors  conferred  in  a  manner  so  acceptable  as  to  make  the  recipi- 
ents doubly  grateful  for  them. 

Rooms  in  the  Capitol  for  the  various  purposes  of  the  Association  were 
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fissi^rnod  as  fi)llo\vs  :  —  Headquarters  of  the  Local  Committee  ami  Assoria- 
Liuu  Post  Otllce,  in  the  Adjutant  General's  office,  on  the  first  floor;  Office 
of  the  rernianent  Secretary,  in  a  side  room  opening  into  the  Hail  of 
Itepreseiitatives;  Standin^jj  Committee,  in  a  room  adjoining  that  of  llie 
office  of  the  Permanent  Secretar}'.  The  General  Sessions  were  held  in 
the  Hall  of  Representatives,  which  was  appropriately  decorated  by  the 
Local  Committee  and  daily  furnished  with  beautiful  flowers  by  the 
ladies  of  Nashville.  Section  A  was  assigned  to  the  Senate  Chamber,  and 
Section  B  held  its  meetings  in  the  Hall  of  Representatives  after  the 
morning  adjournment  of  the  General  Session.  Subsection  C  had  the 
Supreme  Court  Room,  Subsection  D  the  Law  Library,  and  Subsection  E 
the  room  of  the  Commissioner  of  Agriculture.  Other  rooms  were 
used  for  special  committees  and  various  purposes.  In  this  manner  was 
carried  out  the  important  object  of  having  all  the  meetings  and  offices 
under  one  roof,  in  spacious,  convenient  and  comfortable  rooms,  not  far 
removed  from  the  hotels  and  private  houses  where  the  members  were 
quartered.  The  Maxwell  House  was  the  headquarters  of  the  Association 
when  not  in  session,  and  here  special  rooms  for  the  use  of  members  ;mu1 
committees  were  provided  by  Mr.  FuUton,  the  proi)rietor,  who,  with  the 
clerks  of  the  house,  was  ever  ready  to  add  to  the  comfort  of  his  guests. 
Many  of  the  members  were  privately  entertained,  though  tlie  liberality  of 
the  citizens  was  so  great  tliat  it  made  little  pecuniarj'  dift'erence  to  the 
members  whether  quartered  at  the  hotels  or  entertained  at  private  houses. 

One  liundred  and  seventy-three  members  signed  the  register  and  were 
in  attendance  at  the  meetings,  which  were  also  largely  attemled  by  tiic 
citizens,  who  showed  great  interest  in  the  scientific  proceedings  of  the 
Association  as  well  as  in  the  social  gatherings.  This  continued  reunion 
of  citizens  with  meml)ers  from  various  parts  of  the  country,  was  i)r()- 
ductive  of  the  happiest  results  in  a  scientific  as  well  as  social  point  of 
view,  and  exemplified  the  wisdom  of  fostering  the  popular  character  of 
tiie  Association  as  a  means  of  advancing  science  by  difl'using  it  among 
the  people.  As  the  control  of  tiie  Association  was  kept  within  ilue  scien- 
tific limits,  the  time  of  all  interested  was  not  often  taken  up  by  papers 
and  discussions  of  little  interest  or  importance. 

Eighteen  members  of  the  Standing  Committee  were  present;  among 
them  were  three  past  Presidents  and  all  but  three  of  the  ofllcers  elected  for 
the  Nasiiville  meeting. 

Two  hundred  and  nineteen  new  members  were  elected.  Of  these  one 
hundred  and  sixty  have  perfected  their  meml:ership,  eight  have  declined, 
notice  has  been  received  of  the  decease  of  one,  and  fifty  have  not  yet  an- 
swered the  notifications  informing  them  of  their  election. 

The  notices  of  the  death  of  ten  members  were  read.  Thirty  members 
were  elected  as  fellows.  Up  to  this  date  six  hundred  and  seventy  mem- 
bers have  paid  their  assessments  for  the  Nashville  meeting. 

Ninety-three  papers  were  entered  by  title  for  the  meeting;  of  these 
fifteen  were  either  withdrawn  by  their  authors  or  did  not  pass  the  Stand- 
ing Committee  for  want  of  abstracts   or  from  not  being  considered  as 
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appropriate  to  the  objects  of  the  Association.  Ti»e  remaining  sevotity- 
eifjht  were  mostly  read  in  full  or  in  abstract  and  were  divided  us  follows  : 
—  in  General  Session,  three;  in  Section  A,  sixteen;  in  the  Subsection  of 
Chemistry,  fourteen;  in  that  of  Microscopy,  seven;  in  Section  B,  thirty- 
eight,  of  which  eight  came  from  the  Subsection  of  Anthropology.  This 
Subsection  was  united  with  Section  B,  one  day  being  specially  devoted  to 
anthropological  papers.  Of  the  papers  read  and  accepted  by  the  Stand- 
ing Connnittee  for  publication  either  in  full  or  in  abstract,  many  were 
not  received  by  the  rermanent  Secretary,  to  whom  all  papers  read  at  a 
meeting  should  be  sent  within  a  month  after  its  adjournment.  Owing  to 
the  regretted  ill  health  and  absence  of  tlie  ]{etiring  President,  the  custo- 
mary President's  Address  was  not  delivered.  At  two  General  Kvening 
Sessions  the  addresses  of  Vice  Presidents  Pickering  and  Marsh  were  read 
in  full,  the  former  by  Professor  Thurston  in  the  absence  of  Professor 
Pickering.  In  the  absence  of  Dr.  Wilson,  his  address  as  Chairman  of 
the  Subsection  of  Anthropology  was  read  by  the  Permanent  Secretary, 
at  the  opening  of  Section  B  on  the  anthropological  day.  Professor  Lupton 
and  Dr.  Ward  opened  their  respective  Subsections  of  Chemistry  and 
Microscopy,  by  brief  remarks.  The  Entomological  Club  of  the  Asso- 
ciation was  not  very  numerously  attended,  but  the  members  specially 
interested  in  this  department  of  research  held  several  evening  meetings 
at  the  Maxwell  House,  and,  acting  upon  the  reports  of  the  Special  Com- 
mittees, particularly  that  on  Nomenclature,  continued  the  organization. 
General  Sessions  were  held  every  morning,  and  on  Wednesday,  Tliursday, 
Monday  and  Tuesday  evenings. 

Sections  A  and  B,  and  the  Subsection  of  Chemistry  were  organized  on 
the  first  afternoon,  and  held  sessions  for  the  reading  of  papers  on  every 
day  following.  The  Subsection  of  Microscopy  held  sessions  on  Friday 
and  Saturday  and  gave  a  very  interesting  soiree  on  Monday  night,  at 
which  time  the  large  Hall  of  Representatives  was  filled  with  members 
and  citizens. 

To  the  energetic  Local  Committee  the  great  success  of  tlie  meeting  is 
largely  due,  and  though  the  Committee  were  unsuccessful  in  making  ar- 
rangements with  the  railroads  by  which  members  from  a  great  distance 
would  1)6  saved  the  expense  of  travel,  except  in  the  case  of  a  few  lines 
managed  by  the  more  liberal  companies,  they  were  extremely  successful 
with  the  local  railroad  companies  who  fully  appreciated  the  importance  of 
the  meeting  and  ofiered  nianj-  facilities  and  liberal  concessions.  Particu- 
larly was  this  the  case  on  the  excursions,  wiiich  were  so  generously  sec- 
onded by  the  officers  of  the  southern  railroads  as  to  enable  the  Committee 
to  ofl'er  to  the  members  of  the  Association  the  opportunity  of  visiting 
many  localities  not  only  free  of  expense  but  under  the  most  auspicious 
circumstances.  Never,  in  the  annals  of  the  Association,  have  been  enjoyed 
such  extended  excursions  as  those  given  after  the  adjournment  of  the 
meeting,  affording  as  they  did  to  many  of  the  members,  a  rare  oppor- 
tunity for  becoming  acquainted  with  the  great  natural  resources  and 
beauties  of  the  South.      Not  only  did  the  Local  Committee  thus  enable 
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the  members  from  the  East  and  North  to  appreciato  tho  natural  wealth 
and  scenery  of  the  Southern  States,  but  it  provided  for  tiieni  the  delifjhts 
and  advanta?^es  of  social  contact  with  the  citizens  of  Nashvlllf  and 
vicinity  by  securing  a  series  of  receptions  and  entertainments  at  the 
beautiful  homes  of  several  of  the  leading  and  wealthy  people,  and  at 
the  various  State  and  other  educational  and  benellcent  institutions. 

To  mention  all  the  excursions  and  receptions  in  detail  would  cause  this 
"history  of  the  meeting"  to  fill  more  space  than  is  allowed  in  the  voliinu', 
and  therefore  allusion  only  can  be  made  to  the  brilliant  reception  given 
in  honor  of  the  Association  at  the  Maxwell  House,  by  the  Tennessee 
Historical  Society,  on  Friday  night;  to  the  cordial  greetings  extended  at 
the  afternoon  receptions  at  the  beautiful  homes  of  Dr.  W.  A.  Cheatham 
and  Mrs.  A.  V.  Brown  on  Thursday  and  Friday ;  to  the  reception  at  the 
Vanderbilt  University  on  Friday  afternoon,  and  to  the  visit  at  the  Ten- 
nessee Hospital  for  the  insane  where  the  extensive  and  well  arranged 
buildings  and  grounds  were  appreciated.  At  all  these  places  the  members 
met  with  a  truly  Southern  welcome,  and  were  sumptuously  entertained. 
Among  other  pleasant  occasions  was  the  call  made  by  the  Association  on 
Mrs.  Polk,  who  received  the  large  delegation  in  an  informal  manner. 

Many  other  visits  were  made  by  small  parties  of  members,  as  opportu- 
nities offered,  and  the  home  of  Jackson,  the  Fisk  University,  the  Medical 
College,  the  Normal,  Theological  and  other  city  schooLs,  the  churches,  the 
Young  Men's  Christian  Association,  the  National  Cemetery,  and  many 
other  places  of  interest  were  visited  in  that  way.  Numerous  invitations 
were  also  extended  to  the  Association  from  places  at  a  distance,  which 
time  did  not  permit  the  members  to  accept;  among  these  were  the  Pre- 
historic fort  at  Manchester,  the  Central  Tennessee  College,  and  the  Mines 
of  the  St.  Bernard  Coal  Company  at  Arlington,  Kentucky. 

The  Association  adjourned  after  the  General  Session  on  Tuesday  night, 
but  the  kind  attentions  of  the  Local  Committee  and  the  people  of  the 
Southern  States,  did  not  cease  with  the  meeting.  Early  the  next  morning 
a  party  consisting  of  over  one  hundred  members,  accompanied  by  several 
of  the  Committee  and  distinguished  citizens  started,  in  a  special  train 
furnished  by  the  Chattanooga  Pailroad  Company,  on  an  excursion  to 
Chattanooga,  having  accepted  the  invitation  of  the  citizens  who  had  ex- 
tended to  the  Association  the  hospitalities  of  the  city.  At  Chattanooira 
the  party  was  received  by  Mayor  White,  General  Wilder  and  many  other 
citizens,  who,  after  a  most  cordial  greeting,  conveyed  the  delegation  to 
the  Stanton  House,  which  is  located  on  a  hill  commanding  a  line  view  of 
the  surrounding  country.  Here  the  party  was  entertained,  and  every 
comfort  that  could  be  desired  was  found  at  a  luxuriously  furnished  hotel 
kept  by  the  most  courteous  and  obliging  of  hosts.  In  the  evening  an  in- 
formal meeting  was  held  and  addresses  were  made  by  Professor  Cope, 
Major  Powell  and  others,  including  several  citizens.  The  next  day,  ex- 
cursions were  made  to  Lookout  Mountain  and  other  places.  The  various 
battle  grounds  and  other  historical  places  were  pointe(^out,  while  the 
naturalists  of  the  party  had  an  opportunity  to  study  the  natural  history  of 
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this  rcsion,  particularly  interesting  to  tlie  geologists  and  botanists.  The 
numerons  smelting  works  and  foundries  of  this  thriving  city  were  also 
visited  during  the  stay  of  the  party  who  were  constantly  in  receipt  of 
unexpected  courtesies. 

At  Chattanooga  the  party  of  excursionists  divided,  some  returning  to 
their  homes  and  others  entering  on  the  more  extended  excursions  that 
had  been  arranged  by  the  Local  Committee.  One  party,  under  the  charge 
of  Gen.  Wilder,  made  tlic  trip  over  the  mountains  of  North  Carolina  and 
passed  a  week  in  that  beautiful  and  geologically  interesting  region. 
Anotlicr  party  made  a  four  days  excursion  to  Birmingham,  Alabama.  The 
most  extended  excursion  was  that  to  Texas,  and  on  this  between  twenty 
and  thirty  members  embarked  under  the  immediate  charge  of  the  Local 
Secretary  and  Professor  Cope.  This  excursion  had  been  especially  planned 
by  Ex-Governor  John  C.  Brown  of  Tennessee,  vvlio  was  indefatigable  in 
perfecting  all  the  arrangements;  and  through  his  efforts,  seconded  by 
the  ofticers  of  the  several  railroads  over  which  the  excursionists  were 
conveyed,  a  trip  of  about  three  weeks  in  duration  and  extending  as  far 
south  as  San  Antonio,  Texas,  was  enjoyed  to  the  fullest  extent  by  the 
party,  without  care  or  expense.  In  Texas,  and  at  the  several  stopping 
places  on  the  route,  the  party  was  most  cordially  greeted.  At  some  of 
the  stopping  places  impromptu  meetings  were  held  and  addresses  and 
scientific  communications  were  made.  From  this  excursion  the  party 
returned  loaded  with  specimens  illustrative  of  the  natural  history  of 
the  region  passed  over,  surprised  at  the  natural  resources  of  the  great 
state  of  Texas,  and  highly  pleased  with  the  kind  reception  everywhere 
extended.  A  full  account  of  these  excursions  will  be  published  by 
several  gentlemen  in  Nashville,  in  a  volume  which  the  Southern  friends 
of  the  Association  hope  to  prepare  as  a  lasting  memorial  of  the  visit 
of  the  Assox;iation.  Other  members  of  the  Association,  with  special 
objects  of  research  in  view,  did  not  go  on  the  general  excursions,  but 
remained  in  various  parts  of  the  state  of  Tennessee  for  some  time  after 
the  meeting. 

I  cannot  close  this  incomplete  sketch  of  the  very  successful  meeting  at 
Nashville  without  a  word  of  personal  thanks  for  the  many  courtesies 
everywhere  extended  to  me  in  furtherance  of  my  own  particular  researches 
in  the  prehistoric  remains  of  this  important  region  so  interesting  to  the 
student  of  American  Archaeology.  Remaining  in  the  state  as  I  did  for 
nearly  a  month  after  the  adjournment  of  the  meeting,  and  receiving  such 
cordial  support  in  my  work,  I  was  enabled  to  make  many  observations 
and  extensive  collections. 

F.  W,  Putnam, 

Permanent  Secretary. 
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The  Association  met  in  the  Hall  of  Rcpiesentutivcs,  Capitol  Building, 
Nashville,  Tenn.,  at  10  o'clock,  a.  m.,  Au*;.  29,  1877.  The  meeting  was 
called  to  order  by  Prof.  .I.vmks  IIai.l  in  the  absence  of  the  retiring  Presi- 
dent, Prof.  \YiLLiAM  B.  Rogers. 

The  Permanent  Secretary  then  read  the  following  letter: 

Newport,  Aug.  22,  1877.  — Prof.  F.  W.  Putnam,  Permanent  Secretary 
A.  A.  A.  S.  — Dear  Professor:  I  have  at  last  and  most  relnct:iuily  yielded 
to  the  counsel  of  physicians  and  friends  and  given  up  my  pur|)o.se  of  at- 
tending the  Nashville  meeting.  I  say  most  reluctantly,  for  besides  h:iviiig 
the  pleasure  of  being  with  ray  old  friends  of  the  Association,  1  had  hoped 
to  meet  our  scientific  brethren  of  the  South,  of  whom  some  were  my  for- 
mer pupils  and  dear  friends,  whose  hands  I  should  be  delighted  again  to 
grasp,  and  all  of  whom  I  should  be  happy  to  assist  in  welcoming  into  the 
ranks  of  the  Association. 

Had  I  been  able  to  write  the  address,  for  which  1  was  preparing  early 
in  the  summer,  I  should,  I  think,  have  taken  the  risk  of  presenting  myself 
at  Nashville,  though  only  for  a  day  or  two.  But  the  nerve-e.xhaustlon  to 
which  I  have  for  many  years  been  liable,  aggravated  by  the  season,  com- 
pelled me  soon  to  suspend,  and  finally  to  give  up  the  work. 

I  have,  as  you  know,  felt  an  especial  desiie  to  attend  this  meeting,  in 
favor  of  which  I  used  what  influence  I  had  last  year  at  Buffalo.  For  I 
have  long  believed  that  the  interests  of  the  .Association,  and  what  is  far 
more  important,  those  of  the  science  and  education  of  our  country  at 
large,  would  be  greatly  promoted  by  whatever  should  secure  to  the  Asso- 
ciation the  sympathy  and  cooperation  of  the  teachers  and  cultivators  of 
science  and  the  educated  men  generally  of  the  Southern  States. 

From  personal  knowledge  of  the  South,  I  feel  assured  that  the  Southern 
Universities  and  Colleges  and  their  Alumni  are  ready  to  contribute  largely 
to  the  scientific  activity  as  well  as  to  the  numerical  force  of  the  Associa- 
tion, and  I  cannot  doubt  that  the  Nashville  meeting  will  give  proof  of  the 
heartiness  with  which  they  desire  to  cooperate  in  Its  truly  national  .scien- 
tific labors. 

It  is  surely  no  mere  dream  of  patriotism  to  believe  that  the  interchange 
of  knowledge  and  sympathy  by  enlightened  men  from  all  parts  of  our 
country,  will  do  much  to  foster  among  our  fellow  citizens  at  large  that 
strong  sense  of  fraternity  which,  more  than  all  constitutions  and  laws, 
must  form  the  basis  of  our  permanent  unity  and  greatness  as  a  nation. 

While  regretting  that  I  shall  not  have  the  opportunity,  afforded  by  the 
usual  formal  resignation  of  the  chair,  of  expressing  in  person  to  the  Asso- 
ciation my  thanks  for  the  consideration  it  has  shown  me,  I  desire  to  ofler 
it  ray  congratulations  on  the  happy  auspices  under  which  it  has  a.sseni- 
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bled,  in  bavin;:;  for  its  President  an  astronomer,  whose  scientific  genlas 
uiid  labors  are  honored  in  both  hemispberfs,  and  who  enters  upon  his 
duties  at  tlic  uioincnt  when  American  Astronomy  is  illustrated  by  one  of 
the  most  brilliant  discoveries  of  recent  times. 

With  iiearliest  wislies  for  the  success,  both  social  and  scientific,  of  the 
present  meeiiufi,  and  a  renewed  expression  of  my  rejjret  at  not  being 
with  you,  I  remain,  dear  Professor,  yours  faithlully, 

■\VlI.UAM  B.   HOOKKS. 

The  C'liAiitMAX  in  a  few  appropriate  words  introduced  the  President 
elect.  Prof.  Simon  Nkwco.mb;  the  latter,  ou  taking  the  Chair,  spoke  as 
follows  : 

Ladies  and  Gkn tlkmkn  of  the  Amkiucan  Associ.a.tion'  for  the  Ad- 
vancement oi'  Science:  —  I  beg  to  accept,  with  the  assurance  of  high 
appreciation,  the  honor  which  you  have  conferred  upon  me.  That  appre- 
ciation is  only  dampened  by  a  single  reflection  :  I  fear  that  in  your  choice 
charity  shines  rather  more  than  wisdom.  You  have  called  to  these  duties 
one  whose  whole  course  of  study  and  habits  has  unfitted  him  from  prop- 
erly filling  the  position.  Universal  genius  and  the  capacity  for  doing  all 
things  are  not  given  to  any  one  man.  He  who  attempts  it  will  probably 
fail  in  everj'thing.  It  happens  not  unfrequently  that  these  special  habits 
of  thought,  and  that  course  of  study  and  education  which  develops  the 
powers  in  one  direction,  and  those  investigations  in  order  to  succeed  in 
that  certain  line,  are  not  only  of  no  benefit  in  another  line,  but  an  abso- 
lute disqualification.  And  it  may  happen  that  one  who  has  been  accus- 
tomed only  to  act  after  long  and  careful  deliberation  may  find  himself  at 
sea.  when  promptness  and  decision  become  absolutely  necessary. 

I  shall  have  to  ask  you.  therefore,  for  your  forbearance  with  me  in  per- 
forming the  duties  of  this  office.  Tiiere  is  perhaps,  one  consoling  reflec- " 
lion  :  I  think  this  is  not  an  Association  over  which  it  is  a  very  difficult 
matter  to  preside.  We  are  not  torn  by  conflicting  influences  nor  by 
internal  dissensions  of  any  kind,  and  I  hope  that  that  fact  will  enable  me 
to  go  through  successfully. 

I  must  say  a  word  to  you  on  our  meeting  in  a  Southern  city  for  the 
first  time  in  a  period  of  nineteen  years :  I  hope  that  this  will  more  truly 
nationalize  the  Association,  and  that  our  meeting  here  may  be  followed 
by  an  acquaintance  with  scientific  men  who  will  long  be  remembered  by 
us. 

An  invocation  was  then  pronounced  by  the  Rev.  Dr.  Summers,  after 
which  the  President  introduced  the  Hon.  Thomas  A.  Kercheval,  Mayor 
of  tlie  city  of  Nashville,  who  welcomed  the  Association  in  the  following 
words  : 

Ladies  and  Gentlemen  and  Members  of  this  Association  :  —  It  is  on 
behalf  of  our  city  that  I  am  with  you  this  morning,  to  extend  a  most 
hearty  and  grateful  welcome,  and  to  express  the  hope  that  while  you 
remain  in  our  city  you  will  enjoy  yourselves  and  be  treated  with  all  the 
kindness  and  hospitality  that  vou  so  much  deserve.     This  Association, 
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being:  composed,  as  it  is,  of  the  most  learned  and  scientillc  men  of  the 
nation,  has  jj;one  forward  and  delved  into  the  resonrces  of  natun-  and 
developed  the  sciences  — has  done  a  great  deal  towards  enlightening  tiie 
people.  And,  while  we  are  not  able  to  show  yon  as  large  and  beautifnl  a 
city  as  the  one  from  winch  many  of  you  have  come,  yet  to  make  up  for 
that  we  will  extend  to  you  all  the  hospitality  of  which  the  Southern  people 
are  capable.  Therefore,  hoping  that  this  .Association  may  have  a  pleasant 
meeting,  and  tliat  its  work  may  go  forth  to  the  beuellt  of  the  country,  and 
that  you  may  carry  away  with  you  pleasant  memories  of  a  kind  and  hos- 
pitable people,  again  I  bid  you  welcome. 

The  Prksidkxt  then  introduced  Judge  John  M.  Li:.\,  who  addressed 
the  Association  in  behalf  of  the  Governor  and  people  of  the  Slate  of 
Tennessee  as  follows  : 

Our  distinguished  Governor,  whose  absence  deprives  him  of  the  pleas- 
ure of  addressing  you  on  this  interesting  occasion,  requesis  me  in  his 
name  and  in  the  name  of  the  people  of  the  State,  to  extend  to  you  a  most 
hearty  and  cordial  welcome.  We  appreciate,  indeed,  the  honor  conferred 
upon  our  State  and  city  by  an  assemblage,  the  members  of  which,  deeply 
impressed  with  the  love  of  science  and  lightly  esteeming  the  onlinary 
objects  of  human  ambition,  devote  tlieir  lives  to  the  acquisition  and  dis- 
semination of  knowledge.  No  aspiration  for  worldly  fame,  nor  hope  of 
indiviilual  emolument,  nor  even  the  advancement  of  any  industrial  enter- 
prise, brings  together  this  large  and  intelligent  assembly,  the  sole  aim  anil 
purpose  of  which  is  to  estal)lish  and  promulgate  truth  as  revealed  by 
science.  These  annual  reunions  not  only  mark  the  progress,  but  widen 
the  area,  of  human  knowledge,  for,  while  a  transcript  of  j'our  proceedings 
contains  a  registry  of  all  previous  conquests  over  the  domain  of  nature, 
each  recurring  meeting  ojiens  up,  through  the  Instrumentality  of  your 
investigations,  new  sources  of  information  which  had  hitherto  eluded  the 
industry  of  former  observation.  In  commercial  phraseology,  this  Asso- 
ciation annually  declares  a  dividend  of  knowledge,  the  result  of  the 
cheerful  and  unrecompensed  toil  of  its  members,  in  which  dividend  more 
precious  than  gold,  "yea,  than  much  fine  gold,"  the  people  of  every  age 
and  nation  participate  as  joint  and  equal  owners.  The  ascertainment  of 
truth  is  the  mission  of  science,  and  that  mission,  far  from  conflicting  with 
any  principle  of  religion,  strengthens  our  conviction  in  the  existence  of 
"  a  great  first  canse  "which  regulates,  with  a  wisdom  surpassing  all  human 
comprehension,  the  proper  disposition  and  orderly  arrangement  of  every 
particle  of  matter  in  the  heavens  above  or  on  the  earth  beneath  —  guiding 
and  controlling  alike  the  fall  of  the  leaf  from  the  tree  and  the  motions  of 
the  planets  in  their  orbits.  How  erroneous  and  even  absurd  would  be 
our  conceptions  concerning  the  mechanism  of  the  little  globe  on  which 
we  live,  if  the  astronomer  had  not  fixed  our  point  in  space,  the  chemist 
had  not  taught  how  few  are  the  elements  of  which  its  mass  is  composed, 
and  the  geologist  had  not  proved  that  the  confusion  apparent  in  its 
economy  is,  in  fact,  but  an  exhibition  of  the  beautiful  and  methodical 
succession  of  natural  causes.    A  new  light  dawned  and  a  new  impulse 
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was  jjiveii  to  the  mind  when  a.  love  for  science  superseded  the  foolish 
admiration  for  the  scholastic  philosophy  of  ihe  middle  ages;  and,  since 
that  hap|)y  change  of  thought  Into  this  new  direction,  how  great  Indeed 
has  been  our  progress  — and  how  much  greater  will  it  be  in  the  distant 
future,  for  there  is  no  limit  to  be  assigned  to  the  accumulation  of  knowl- 
edge in  succeeding  ages.  We,  therefore,  in  common  with  tiie  enlightened 
sentiment  of  the  world,  commend  the  labors  and  acknowledge  our  obliga- 
tions to  the  promoters  of  science. 

The  presence  of  distinguished  persons  from  different  portions  of  our 
broad  and  diversified  but  united  country  is,  indeed,  to  us  the  source  of 
gratification,  but  our  pleasure  in  your  visit  at  this  particular  time  is 
enhanced  by  the  reflection  that  your  example,  more  powerful  than  precept, 
cannot  prove  otherwise  than  conducive  to  a  fuller  development  of  that 
growing  sentiment  in  the  interests  of  general  education  which  is  beginning 
to  i)ervade  our  community.  Our  gratitude  for  collegiate  endowment  is 
chiefly  due  to  private  munificence,  but  the  State  lias  not  been  altogether 
unmindful  of  her  duty  ;  and  a  territorial  grant  of  land,  made  so  long  ago  as 
1789,  furnishes  support  for  a  Normal  College,  a  recently  established  and 
most  flourishing  institution.  There  are  other  seats  of  learning  in  difl'erent 
parts  of  our  State,  one  the  recipient  of  large  favors  from  the  General 
Government,  others  under  the  patronage  of  Christian  denominations, 
while,  from  the  acropolis  on  which  this  Capitol  is  erected,  the  eye  takes 
in  at  a  glance  three  magnificent  structures  also  recently  established  and 
dedicated  to  the  cause  of  letters.  These  institutions  are  yet  "in  the 
marrow,  not  hardened  into  the  gristle  of  manhood,"  —  their  position  in 
the  literary  and  scientific  world  is  yet  to  be  taken  —  their  presti^/e  to  be 
won  —  but  ample  endowments  and  satisfactory  management  give  promise 
of  future  success.  But  our  admiration  for  the  erudition  of  the  University 
has  not  caused  us  to  be  insensible  to  the  claims  of  popular  education,  and 
we  are  happy  to  say  that  in  our  State  the  support  of  the  public  school  is 
equally  a  pleasure  and  a  duty.  These  evidences  of  our  sensibility  to 
intellectual  culture,  for  we  make  little  pretensions  to  advancement,  attest 
that,  in  some  measure,  at  least,  we  may  appreciate  the  essays  and  papers 
to  which,  with  so  much  pleasure  and  improvement,  we  expect  to  listen 
during  the  session  of  the  Association. 

Not  entirely,  however,  is  it  on  account  of  your  eminence  in  learning, 
nor  our  interest  in  education,  that  we  express  satisfaction  at  your  coming 
among  us.  We  are  friends,  though  strangers  —  the  citizens  of  a  common 
country,  and  we  hope  you  will  not  become  so  absorbed  in  business  that  there 
will  be  no  time  left  for  the  interchange  of  social  civilities.  We  should 
like  you  to  see  something  of  our  State,  which  it  is  pardonable  in  us  to 
think  compares  most  favorably  in  all  the  elements  of  greatness  with  any 
of  her  sisters.  There  is  East  Tennessee  with  its  lofty  mountains  and 
deep  ravines,  its  magnificent  scenery,  the  Switzerland  of  America,  and 
from  the  variety  and  abundance  of  the  minerals  which  lie  buried  in  its 
bosom,  might,  also,  with  equal  propriety,  be  called  the  Wales  of  America 
—  a  land  of  beauty  and  grandeur,  "where  looks  the  cottage   out  on  a 
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domaiu  the  p:ilace  caanot  boast  of."  Here  is  our  middle  section,  witli  its 
fertile  soil  uow  garnished  with  verdure  or  waviuj^  with  ^old  harvests, 
renowned  for  the  variety  and  excellence  of  its  agricultural  produrlions; 
and  beyond  the  river  which  gives  our  State  its  ntune,  li«s  a  rich  and 
thriving  country,  the  most  northern  limit  for  the  cultivation  of  that  staple, 
the  manufacture  of  which  gives  bread  to  the  operatives  at  Manchester, 
and  puts  in  motion  the  wheels  and  spindles  of  your  New  Engl:ind  factories, 
the  western  border  of  which  is  fringed  by  that  gigantic  stream  which 
drains  the  vast  regions  between  tiie  Alleghanies  and  ihe  Rocky  Mountains. 
Our  land,  too,  is  rich  in  antiquities,  and  seems  to  have  been  the  favorite 
abiding  place  of  the  Red  Man,  and  also  of  the  race  which  preceded  him. 
Relics  abound,  and  we  fancy  we  can  tender  a  tie  id  of  interest  —  special 
interest  to  the  archaeologist.  All  these  we  should  like  to  sliow  you,  if  you 
will  give  us  an  opportunity ;  and  uow,  in  conclusion,  inviting  you  to  our 
homes  and  our  houses,  let  me  express  the  hope  thai  the  memory  of  your 
sojourn  in  our  city  may  be  agreeable  to  you,  as  I  know  it  will  be  to  the 
citizens  of  Nashville,  iu  whose  name  I  give  the  kindest  gn  clings. 

To  these  addresses  of  welcome,  the  Puksidknt  responded  as  follows : 

As  the  organ  of  the  Association  on  the  present  occasion,  I  beg  leave 
to  assure  you  of  the  very  high  appreciation  which  is  entertained  of  the 
very  cordial  welcome  which  you  have  given  to  us.  You  have  successfully 
rivalled,  if  not  completely  outdone,  the  more  populous  communities  among 
which  the  Association  has  heretofore  met.  For  this,  tliank>.  are  no  doubt 
due  both  your  citizens  and  your  Local  Committee,  and  I  beg  that  they  will 
both  accept  them. 

For  the  first  time  in  a  long  period  the  Association  meets  here  in  the 
Southern  States,  at  perhaps  a  greater  distance  from  the  homes  of  most  of 
the  members  than  is  usual.  If  it  should  happen  that  the  numbers  in 
attendance  do  not  correspond  to  your  exertions,  an  J  do  not  (juite  fulfil  the 
hopes  which  you  have  expressed  as  to  the  numbers  i.ttending  the  meeting^ 
I  hope  you  will  remember  that  this  is  a  season  when  the  human  body 
gravitates  toward  the  pole,  and  when  men  look  \n  ith  extreme  aversion 
in  the  direction  of  the  equator.  This  must  be  our  excuse,  perhaps,  for 
the  fewness  of  the  meetings  which  we  have  so  far  held  in  the  Southern 
States. 

Since  we  have  before  met  you  the  country  has  been  torn  by  internal 
dissensions.  A  great  amount  of  reconciliation  and  reconstruction  of 
broken  associations  has  been  necessary.  If  this  'vas  necessary  In  our 
Association,  also,  if  the  long  period  during  which  we  have  been  parted 
was  one  of  estrangement,  then,  indeed,  we  should  have  to  ndmit  that  the 
Association  would  have  done  very  much  better  if  'Ley  had  continued  the 
term  of  my  honored  predecessor  to  the  present  day,  because  it  is  his  tongue 
alone  whose  eloquence  would  have  been  equal  to  the  occasion.  But  I  am 
happy  to  say  that  in  the  present  case  no  expression  of  joy  over  any  such 
reconciliation  or  reconstruction  is  necessary.  The  purpose  of  science  is 
solely  the  discovery  of  knowledge  for  the  benefit  of  mankind.  Its  interests 
are  as  wide  as  humanity,  and  its  field  includes  the  heavens  as  well  as  the 
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cartli.  It  is.  therefore,  an  eminently  fitting  fact  tliat  the  fumes  of  the 
political  cauldron  never  rise  up  in  our  midst.  Notliing  of  a  political  nature 
estranges  the  worliers  of  science  from  each  other.  We  have  no  "erring 
bretliren"  to  welcome  bacic  in  our  midst.  This  is  the  spirit  o*"  science,  not 
only  the  worlil  over  at  the  present,  but  it  has  been  its  spirit  during  a 
period  wiiich  goes  bacic  into  tiie  dark  ages.  It  lias  no  martyrs  to  l)ear 
upon  its  roll.  No  punishment  lias  been  inflicted  in  the  name  of  science 
in  any  part  or  age  of  the  world. 

A  few  years  ago  it  was  my  fortune  to  be  in  Paris  at  a  time  when  that 
celebrated  Commune  was  in  full  sway.  In  the  reaction  which  followed 
the  downfall  of  Louis  Napoleon,  the  populace  was  engaged  in  destroying 
every  remnant  of  monarchy.  The  mystic  letter  "N"  was  torn  down,  and 
even  the  names  of  streets  which  savored  of  monarchy  displaced.  One 
day  I  was  being  shown  through  the  rooms  where  the  Academy  of  France 
held  meetings.  I  noticed  in  a  prominent  position  a  picture  bearing  tlie 
well-known  face  of  the  great  warrior,  and  under  it  "Napoleon  Bonaparte, 
First  Consul."  I  expressed  my  solicitude  as  to  that  picture  remaining 
there.  "Why  it  happened  to  remain  there  was  met  by  the  emphatic 
response,  "Politics  never  enter  here."  Thus,  during  the  seventy  years  of 
internal  turmoil  among  the  most  excitable  people  known,  in  an  association 
which  contained  extremes  of  both  parties,  that  picture  had  remained 
untouched  during  the  revolutions  which  had  affected  the  Government  of 
France.     This  is  the  spirit  of  science  everywhere. 

Now,  I  presume,  I  may  venture  to  hope  that  we  may  do  some  little 
benefit  to  you  as  well  as  to  ourselves  by  coming  amongst  you  at  tlie 
present  time.  I  hope  that  our  meeting  here  will  tend  to  strengthen  the 
bonds  of  intercourse  betw^'cn  the  lovers  of  science  and  learning  here  and 
in  the  North.  I  hope  jou  will  long  remember  this  meeting  as  an  event  in 
Southern  progress;  and  that  the  hearty  welcome,  born  of  your  sunny 
skies,  which  we  of  the  North  have  not,  will  be  remembered  by  us  of  the 
North  during  years  to  come;  and  although  the  people  of  the  North  are 
unable  to  excel  you  in  warmth  of  welcome,  it  is,  I  assure  you,  on  account 
of  no  lack  of  warmth  of  feeling.  I  again  thank  you  for  the  hearty 
welcome  which  you  have  given  us. 

The  Gkxkr.\l  Skcretary  then  announced  the  following  invitations, 
which  were  unanimously  accepted. 

To  visit  the  residence  of  Dr.  Cheatham  on  Thursday  afternoon  from  3 
to  6  o'clock. 

To  visit  the  grounds  and  building  of  the  Vanderbilt  University  on 
Friday  afternoon. 

To  visit  the  N.a^hville  Normal  Theological  Institute. 

To  attend  a  reception  given  by  the  Tennessee  Historical  Society,  at 
the  Maxwell  House,  Friday  evening. 

To  visit  the  Tennessee  Hospital  for  the  Ins.\ne  on  Saturday  after- 
noon. 

To  visit  Mrs.  Aaron  V.  Brown,  at  her  residence,  on  Monday  afternoon. 
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To  an  excursion,  tenelcred  by  Gen.  Wildku  on  beliair  of  Ciii/.kns  of 
Chattanooga,  to  that  city  and  vicinity,  to  take  place  ui)i)U  tlie  ailJDUin- 
ment  of  the  Association. 

The  Permanent  Skckktauy  then  read  the  following;  invitations  to  hold 
the  next  meeting  of  the  Associutiou  at  St.  Louis,  at  Cincinnati,  and  at 
St.  Paul. 

Mayou*8  Office,  St.  Louis,  June  11,  1877. 
PisOF.   F.  W.  Putnam, 

Peiinanent  Serretai-y  of  the  A.  A.  A.  S. 
Dear  Sir: — It  gives   nie  pleasure  to  renew  the   invitation  extended 
to  j'our  Association  August  8,  1S76,  to  hold  its  coming  convention  in  this 
city. 

As  stated  then  the  restrictions  of  our  charter  prevent  the  expectation 
of  my  tendering  any  specific  hospitality  by  the  city  as  a  munici|)aiity. 
But  I  assure  you  that  the  citizens  of  St.  Louis  entertain  too  high  an 
opinion  of  the  value  of  such  a  meeting  in  our  midst,  not  to  appreciate  the 
pleasure  it  will  atford  them  to  make  your  visit  agreeable  and  hos|)itablc. 

Kespectfuily, 

Henry  Ovekstolz, 

Mayor. 


St.  Louis,  July  6,  1877. 
To  Pkof.  F.  W.  Putnam, 

^Is  Secretary  of  the  A.  A.  A.  S. 
Sir: — The  labors  of  your  Association  have  created  a  noble  interest  in 
its  objects.  It  is  deeply  felt  in  this  city,  and  has  prepared  its  spirit  for  a 
most  needful  baptism  for  an  engagement  in  its  grand  mission.  A  meeting 
of  your  Association  in  it  would  greatly  tend  to  accomplish  this  contlrma- 
tion.  In  this  belief  the  Missouri  Historical  Society  of  St.  Louis  has, 
unanimously,  authorized  and  directed  me,  as  its  President,  to  send  its 
request  that  the  A.  A.  A.  S.  hold  its  next  meeting  in  this  city.  This  hon- 
orable duty  I  now  most  cordially  perform  tlnough  its  distinguished  Secre- 
tary. 

The  hospitable  habit  of  this  city  will  secure  to  your  associates  a  hearty 
and  happy  welcome. 

Very  respectfully  yours, 

James  G.  Brady, 

.Is  President  M.  II.  S.,  St.  Louis. 


Department  of  the  Interior,  Office  of  the  U.  S.  Ent.  Co.m.      ) 

WiNNii'EG,  August  25,  1877.   > 
F.  W.  Putnam, 

Permanent  Secretary  A.  A.  A.  S. 
Dear  Sir:— By  unanimous  vote  of  the  St.  Louis  Academy  of  Science, 
I  was  instructed  to  renew  the  invitation  to  the  Association,  which  J  gave 
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liistyear,  to  hold  its  next  annual  session  at  St.  Louis,  and  as  I  cannot  be 
present  at  Nasliville,  I  have  left  it  with  Prof.  Nipher,  Recording  Secretary 
of  the  Academy,  to  properly  present  the  claims  of  St.  Louis. 

Yours  very  truly, 

C.    V.    RiLKY, 

Pres.  St.  Louis  Ac.  Sc. 


Washington  University,         ) 
St.  Louis,  Mo.,  August  26,  1877,  ) 
f   W.  Putnam, 

Permanent  Secretary  A.  A.  A.  S. 
Sir  : — The  Chancellor  of  Washington  University  has  authorized  me  to 
extend  to  the  American  Association  for  the  Advancement  of  Science,  a 
cordial  invitation  to  hold  its  next  meeting  in  St.  Louis.  It  is  thought 
that  ample  room  for  the  various  meetings  will  be  found  at  the  University 
buildings,  which  will  be  at  the  disposal  of  the  Association. 

Very  respectfully, 

Francis  E.  Nipher. 


Board  of  Trade,  Secretary's  Office.     ) 
Cincinnati,  July  2,  1877.  5 
L.  S.  Cotton,  Esq., 

Secretary  Cincinnati  Soc.  Nat.  Hist. 
Dear  Sir: — Your  communication  asking  the  cooperation  of  this  Board, 
in  effort  to  induce  the  "American  Association  for  the  Advancement  of 
Science  "  to  hold  its  annual  session  for  1878  in  this  city,  was  presented  to 
thi  Directors  at  their  meeting  on  Saturday  last  and  the  following  was 
adiipted: — 

^•Resolved,  That  the  Board  of  Trade  fully  recognizes  the  high  character 
and  elevated  objects  of  the  American  Association  for  the  Advancement  of 
Science,  and  the  desirability  of  inducing  the  society  to  hold  its  session  of 
1878  in  our  city.  Believing,  as  we  do,  that  the  benefits  will  be  mutual,  and 
that  the  society  will  find  the  advantages  offered  by  our  city,  in  its  central 
location,  railroad  facilities,  hotel  accommodations  and  magnificent  public 
halls,  to  be  unsurpassed,  we  join  heartily  in  the  invitation  proposed  to  be 
exi  ended  by  the  Society  of  Natural  History." 

Very  respectfully, 

J.  F.  Blackburn,  Sec. 


Cincinnati,  July  5,  1877. 

To  THE  Standing  Committee  of  the  Amer.  Assoc,  for  the  Adv.  of  Sci. 

(fKXTi.EMEN: — The  Young  Men's   Mercantile   Library  Association   of 
Cincinnati  hereby  extends  a  cordial  invitation  to  your  society  to  iiold  its 
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annual  session  for  the  year  1878  in  this  city,  or  if  it  should  not  hv  i)oss,!)le 
to  do  this  ill  1878,  then  as  soon  as  practicable  thereafter. 

We  promise  you  a  hearty  welcome  from  all  the  Literary  and  Scientific 
Societies  of  this  city. 
Hoping  for  a  favorable  consideration  of  this  invitation,  we  remain, 

Very  respectfully, 

The  Y.  M.  M.  L.  Association. 
By  Geo.  T.  Harrison,  Vice  President. 


Academy  of  Medicine,         ^ 

Cincinnati,  August  7,  1877.  i 

To  the  American  Association  for  the  Advancement  of   Science. 

Gentlemen  :— The  Academy  of  Medicine  of  Cincinnati  extends  to  your 
learned  body  a  cordial  invitation  to  hold  your  meeting  for  the  year  1H78 
in  our  city.  We  think  no  city  can  surpass  ours  in  arcessil)ility,  raciliiies 
for  reception  and  entertainment,  and  in  the  general  interest  of  the  com- 
munity in  objects  and  associations  of  a  scientific  nature. 

Yours  truly, 

A.  G.  Dkury, 
W.  W.  Sekly, 
Geo.  B.  Orr, 
Committee  of  Invitation. 

Cincinnati  College  of  Pharmacy        \ 
No  195  West  Fifth  Street.  ^ 
Cincinnati,  O.,  Aug.  13,  1>77. 
L.  S.  Cotton, 

Dear  Sir:— In  relation  to  your  communication  asking  the  cooperation 
of  this  College  in  an  invitation  to  the  American  Association  for  the 
Advancement  of  Science  to  hold  its  next  annual  session  in  this  city,  liie 
following  resolution  was  passed  : — 

Besolved,  That  as   a   scientific   body  we   earnestly   tender  our  heaily 
endorsement  in  the  eflbrt  to  secure  the  r.ireting  of  the  Anu-rican  Assoi  ia- 
tlon  for  the  Advancement  of  Science  in  this  city,  and  regard  the  holding 
of  the  Convention  here  as  highly  beneficial  to  the  interests  of  Science. 
Yours  respectfully, 

A.  W.  Bain, 

Secretary,  C.  C.  P. 

Zoological  Society  ok  Cincinnati.  / 

Cincinnati,  August  15,  1877.  ) 
Sir: — I  am  instructed  by  the  Board  of  Directors  to  communicate  to 
you  the  following  Resolution,  which  was  unanimously  adopted  at  its  hist 
meeting : 

"The  Zoological  Society  of  Cincinnati  cordially  unites  with  oilier 
societies  in  the  city  in  an  invitation  to  the  "  American  Association  for  the 
Advancement  of  Science"  to  hold  the  next  Western  Session  in  Cincinnati, 
and  will  do  all  in  its  power  to  make  the  meeting  pleasant." 
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I  am  also  autliorizcil  to  say  that  tlic  Directors  of  tho  Zoolnijical  Society 
are  liappy  to  avail  tliemselves  of  the  opportunity  now  aflonied  by  the 
Association  ineetinjj  in  Nashville,  to  oxtentl  an  invitation  to  any  of  its 
members  passing  through  Cincinnati  to  visit  the  Gardun.  Members  of 
the  Associatiou  will  be  admitted  upon  presentation  of  their  visiting  cards 
at  the  gate. 

Very  respectfully, 

L.  J.  Cist, 

Secretary  Z.  S.  C. 


Rooms  Cixcinnati  Socikty  of  Natural  History, 
47  AND  48  College  Building, 

Cincinnati,  Skpt.    1,  1877. 

To  THE  AmeUICAN    ASSOCIATION  FOR  THE   ADVAXCEMENT   OF   SCIENCE. 

The   Cincinnati  Society  of  Natural   History  extends  to  you  a  cordial 
invitation  to  hold  your  next  annual  meeting  in  this  city. 

E.  B.  MooiiK,  President. 

J.  F.  Judge,  liecording  Secretary. 


St.  Paul,  Minnesota,  August  1,  1877. 
To  the  President  and  Members  of  thk 

American  Association  for  thk  Advancement  of  Science, 

Gentlemen  : — The  undersigned,  appointed  by  Kesolutions  respectively 
of  the  St.  Paul  Academy  of  Sciences,  the  St.  Paul  Chamber  of  Com- 
merce, and  the  City  Council  of  St.  Paul,  designated  to  conjointly  ex- 
tend to  the  American  Association  for  the  .Advancement  of  Science  our 
most  cordial  as  well  as  formal  invitation  to  hold  its  annual  meeting  for 
1878  in  our  citj'. 

The  central  position  of  St.  Paul  in  the  northwest  system  of  railroad 
and  river  routes,  with  its  attractive  surrounding  natural  scenery  of  water- 
falls, lakes  and  prairies,  and  its  geological,  botanical  and  other  features 
interesting  to  the  scientist,  cannot  fail  to  make  such  a  visit  a  pleasure; 
while  our  cool,  bracing  and  salul)rious  climate  will  add  strength  and  vigor 
to  both  mental  and  physical  enjoyment. 

It  will  be  the  united  eflfort  of  our  Academy,  Chamber  of  Commerce,  and 
City  Government  to  make  your  visit  mutually  enjoyable  and  to  attach  us 
to  each  other,  not  only  in  friendship,  but  for  the  advancement  of  Science. 

Very  sincerely  yours, 

J.  T.  Maxfield,  Mayor. 
Wm   II.  Marshall,  \ 
James  Sm:tii,  jr.,    \  Committee  of  Chamber  of  Commerce. 

C.  II.  BiGELOW,  j 

R.  Oralshy  Sweeny,  President  St.  Paul  Academy  Scierices. 

I).  A.  RoBERrsoN,  Vice  President        "  " 

B.  F.  Wright,  Chairman  Chemical  Section,  A.  S. 
Herbert  W.  S.mith,  "        Mineralogical  Section,  A.  S. 


REPORT    OF    GENERAL    SECRETARY.  ^S^^ 

On  motion,  these  invitations  were  referrotl  to  the  Nomin\mv,;  c.m- 

MITTEK. 

The  Permanent  Secuktauy  read  notices  of  ten  Members  and  Fellows 
deceased  since  the  last  annual  meeting. 

Prof.  Alexis  Caswell,  Providance,  II.  I.,  died  Jan.  8,  1877,  aged  77 
years.  Professor  Caswell  joined  the  Association  at  its  2d  meeting  and  has 
always  been  an  active  member.  He  was  elected  Vice  I'resident  for  tlie 
Montreal  Meeting.  Owing  to  the  death  of  Prof.  Bailey  the  president 
elect  for  that  meeting,  Prof.  Caswell,  presided,  as  he  also  did  at  the  fol- 
lowing meeting  in  Baltimore  for  which  he  was  elected  president. 

Mr.  Edwlv  Bicknell,  Boston,  died  at  Lynn,  Mass.,  March  10,  1S77, 
aged  47  years.  lie  joined  at  the  18th  Meeting  and  was  very  active  in 
forming  and  maintaining  the  subsection  of  microscopy. 

Mr.  Samuel  Adams,  Giiead,  Me.,  died  April  29,  1877,  aged  71  years. 
He  joined  at  the  18th  Meeting. 

Prof.  Sanborn  Tennev,  Williams  College,  died  July,  1877,  aged  oO 
years.     Joined  at  the  17th  meeting. 

Hon.  Wm.  B.  Ogden,  New  York,  died  Aug.  3,  1877,  aged  72  years. 
Joined  at  the  17th  meeting. 

Rev.  Edward  Otis  Hovky,  D.  D.,  Crawfordsville,  Ind.,  died  March  10, 
1877,  aged  7C  years.     Joined  at  the  20th  meeting. 

Mr.  F.  B.  Meek,  Washington,  died  Dec.  21,  1S7G,  ageil  50  years.  Joined 
at  the  6th  meeting. 

Prof.  Timothy  .\bbott  Conrad,  Philadelphia,  died  at  Trenton.  N.  J., 
August  8,  1877,  aged  74  years.  Mr.  Conrad  was  an  original  member  of 
the  Association. 

Prof.  James  H.  Eaton,  of  Beloit,  Wis.,  died  Jan.  5,  1S77.  Joined  at 
the  17tli  meeting. 

Wilbur  F.  Pauker,  of  West  Meriden,  Conn.,  died  in  Jacksonville,  Fla., 
in  1876.     Joined  at  tiie  23d  meeting. 

The  President  tiien  announced  as  the  next  business  in  order,  the  elec- 
tion of  six  Fellows  to  complete  the  Standing  Committee.  The  following 
were  then  elected:  Professors  R.  II.  Thurston,  J.  B.  Lindslky,  N.  S. 
SiiALER,  J.  M.  Saeeohi),  J.  W.  Powell,  and  N.  T.  Lupton. 

Tiic  Geneual  Secretary  announced  the  imiuber  of  papers  to  be  pre- 
sented to  the  various  sections  which  had  been  received.  Also  a  list  of 
one  hundred  and  forty-eight  candidates  for  membership,  recommended  by 
the  Standing  Co.mmittee,  after  which  these  candidates  were  duly  elected. 

The  Chair  announced,  as  a  recommendation  of  the  Standing  Com- 
mittee, that  the  morning  sessions  should  close  at  12.30  p.  m.,  and  the 
afternoon  sessions  begin  at  3  p.  M.,  which  was  adopted. 

Announcements  as  to  the  places  of  meeting  of  the  several  sections  of 
the  Association  were  made  and  the  General  Session  adjourned. 

At  3  p.  M.  tiie  .Association  met  in  sections.  Spction  A  organized  in  the 
Senate  Chamber  by  the  Election  of  Prof.  R.  II.  Thursto.n  as  Chairman, 
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pro  tern.,  In  the  absence  of  Vice  President  Pickkring.     Secretavj,  Prof. 
II.  Cahuin<;h)x  Boi.ton. 

Tlie  organization  was  completed  by  the  selection  for  Skctionai.  Com- 
MiTiKK  of  I'rofessors  T.  C  Mkndknhai.l,  A.  A.  Jumkn,  F.  E.  Nii'Mkk; 
and  for  nienibers  of  the  Nominating  C<JMMirrEE,  Professors  E.  W.  IIydk, 
H.  W.  Wiley,  R.  H.  Ward,  A.  P.  S.  Stuart. 

Section  D  a>sembled  in  the  Hall  of  Representatives  and  was  called  to 
order  by  Vice  President  Mahsii,  Chairman  of  the  Section.  Secretary, 
Capt.  W.  H.  Dall.  The  organization  was  completed  by  the  selection  for 
Sectional  Committee  of  Prof.  E.  T.  Cox,  Maj.  J.  W.  Powell,  Dr.  Geo. 
Little;  and  for  members  of  the  Nominating  Com.mittee  of  Professors 
E.  D.  Cope,  E.  A.  Smith,  J.  R.  Proctor,  and  Dr.  T.  O.  Summers,  jr. 

Permanent  Subsection  C  met  and  organized  with  Prof.  X.  T.  Lupt«)N, 
Chairman.     Secretary,  Prof.  Paul  Schweitzer. 

Permanent  Subsection  D,  in  the  absence  of  its  Chairman  Prof.  Daniel 
"Wilson,  decided  to  unite  with  Section  B,  on  the  understanding  that 
Monday  should  be  devoted  by  the  Section  to  Anthropological  papers. 

In  the  evening  the  Association  met  in  the  Hall  of  Representatives  and 
extemporary  addresses  were  delivered  by  President  Nkwcomb  and  Pro- 
fessor James  Hall. 

At  the  conclusioii  of  Prof.  Hall's  remarks  the  President  spoke  as 
follows : 

These  beautiful  flowers  by  which  we  are  surrounded  are  a  tribute  from 
the  fair  hands  of  several  ladies  of  Nashville,  who  have  taken  this  delicate 
way  of  showliig  their  appreciation  of  the  Association.  I  am  sure  the 
Association  will  authorize  me,  without  formally  putting  it  to  a  vote  to  pre- 
sent its  thanks  to  those  ladies  for  their  very  delicate  compliment. 

The  Permanent  Secretary  then  read  a  letter,  enclosing  a  check 
for  one  hundred  dollars,  from  Mrs.  Rogers,  the  wife  of  the  retiring 
President: 

An  address  upon  meteoric  stones  was  then  delivered  by  Prof.  J.  Law- 
rence S.mith,  after  which  Prof.  A.  R.  Grote  read  a  paper  cm  "On  Inter- 
national Scientific  Service." 

The  Seconc'  Day's  Session  opened  in  the  Hall  of  Representatives  at 
10  a.  m. 

Invitaiiors  to  visit  various  places  and  institutions  were  read  by  the 
General  Sechetary. 

The  recommendation  by  the  Standing  Committee  that  the  names  of 
Prof.  J.  P.  Lksley  and  Prof.  Andrew  C.  Ramsey  should  be  added  to  the 
International  Geologic:d  Commission  was  unanimously  concurred  in. 

Thirty-eight  candidates  for  Membership  in  the  Association,  recom- 
mended by  the  Standing  Committee,  were  then  elected. 

The  Presii)i;nt  then  announced  that  the  sectionswould  adjourn  promptly 
at  12.45  p.  M.  lo  meet  in  the  Hall  of  Representatives,  and  that  the  Associ- 
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ation  would  proceed  thence  in  a  boil}-,  at  one  o'clock,  to  pay  its  respects 
to  Mrs.  Polk,  relict  of  tlie  late  James  K.  Polk,  President  of  the  United 
States. 

The  Association  then  adjourned  to  meet  in  sections. 

In  the  evening  the  Association  listened  to  the  address  of  Vice  President 
Mabsh,  of  Section  B,  in  the  Hall  of  Representatives. 

The  Third  Day's  Session  opened  in  the  Hall  of  Representatives  at  10 
o'clock,  A.  M. 

Four  candidates  for  membership,  recommended  by  the  Standixg  Com- 
mittee, were  elected. 

The  President  introduced  Gen.  "Wildku  to  the  meeting,  who  gave  ex- 
planations of  the  details  of  the  proposed  excursion  to  Chattanooga. 
Professors  Sai  ford  and  Lupton'  followed  on  the  same  subject. 

Prof.  R.  H.  Thurston  offered  the  following  resolution  which,  on  motion, 
was  referred  to  the  Standing  Committee: 

Uesolved,  That  there  .shall  be  formed  a  Permanent  Committee,  to  consist 
of  live  members  and  fellows,  on  the  development  of  mineral  resources 
and  the  encouragement  of  arts  and  manufactures  in  the  mineral  States, 
said  committee  to  be  appointed  by  the  President. 

The  Association  then  adjourned  to  meet  in  sections. 

The  Fourth  Day's  Session  opened  in  the  Hall  of  Representatives  at  10 
o'clock,  A.  M. 

Nineteen  candidates  for  membership,  recommended  by  the  Standing 
Committee,  were  elected. 

Invitations  to  visit  the  National  Cemetery,  near  Nashville,  and  to 
attend  services  at  McKendree  Church,  were  read  by  the  General 
Secretary. 

President  Newcomb  stated  that  heretofore  it  had  been  the  custom  to 
leave  with  some  Literary  or  similar  society  a  set  (tweuty-flve  volumes) 
of  the  Transactions  of  the  Association,  as  a  memento  of  its  visits,  but,  in 
this  instance,  on  account  of  the  extreme  courtesy  which  had  been  ex- 
tended, he  would  suggest  that  two  sets  be  presented  —  one  to  the  Vandeu- 
bilt  University,  and  one  to  the  Tennessee  Histouical  Society.  A 
motion  to  that  effect  was  made  and  unanimously  adopted. 

Vice  President  Marsh  moved  to  refer  to  the  Standing  Committee  the 
paper  of  Prof  Grote  "On  International  Scientific  Service,"  presented  in 
the  general  session,  "Wednesday,  as  it  was  of  very  great  importance. 
Adopted. 

Prof.  Thos.  Bassnett  offered  the  following  resolution,  which  was  re- 
ferred to  the  Standing  Committee. 

A.    A.  A.  S.,    vol.  XXVI.  25 
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liesoli'f'd,  Tliiit  iu  tlie  opinion  of  this  Association  the  Siiporinlenrlent  of 
tho  "Nuutica!  Almanac"  would  I'acilitate  resi-arciies  in  the  uncertain  do- 
main of  physical  astriMiomy.  by  ^jjivin;;  a  column  on  one  of  its  paj^es, 
show in.i;  the  systemaiic  loniriiuch;  of  the  sun's  center  and  the  values  of 
radius  victor  for  the  llrst  day  of  each  month  (or  oflener,  at  his  discre- 
tion) as  computed  for  tlie  action  of  the  four  fjrcat  exterior  planets,  and 
that  the  rermanent  Secretary  be  instructed  to  present  this  resolution  at 
the  close  of  this  Convention. 

After  some  announcements  by  the  Local  Committek,  the  general  ses- 
sion adjourned  to  meet  in  Sections. 

The  Fifth  Day's  Session  opened  in  the  Hall  of  Representatives  at  10 
o'clock,  A.  M. 

Five  candidates  for  membership,  recommended  by  the  Standing  Com- 
MiTTKE,  were  elected. 

Thirty  members  were  recommended  by  the  Standing  Committkk  for 
election  as  Fellows  of  the  Association,  and  upon  a  ballot  being  taken  they 
were  all  duly  elected. 

Prof.  Safford  stated  that  he  had  received  the  following  preamble  and 
resolutions  from  Dr.  A.  C.  Fokd,  of  the  Signal  Service : 

Whereas,  There  is  now  in  progress  a  plan  of  polar  exploration  and 
discovery,  having  in  view  the  establishment  of  a  colony  at  some  point 
north  of  the  eighty-first  degree  of  north  latitude,  for  purposes  of  scientific 
exploration  and  research ;  and 

Whereas,  No  field  oflers  to  scientific  toil  more  bountiful  harvests  than 
the  comparatively  unknown  region  of  the  frigid  zone ;  and 

Uliereas,  The  scheme  now  successfully  inaugurated  l)y  the  sailing  in  Jul}', 
of  the  present  year,  of  the  schooner  Florence,  carrying  the  preliminary 
expedition,  has  received  the  endorsement  and  warm  support  of  the  most 
famous  Arctic  explorers  of  this  country  and  Europe,  as  well  as  prominent 
scientists  of  both  continents  :  therefore  be  it 

Resolved,  that  this  Association,  believing  this  expedition  for  Polar 
discovery,  under  the  direction  of  Capt.  IIowgate,  U.  S.  A.,  and  other 
competent  leaders,  is  likely  to  prove,  in  the  highest  sense,  beneficial  to 
science,  as  well  as  to  reflect  lionor  upon  the  nation,  cordially  approve  the 
objects  sought,  and  recommend  it  to  the  National  Legislature  as  well  as 
to  the  countrj'  at  large,  as  deserving  of  hearty,  earnest  and  liberal  support. 

The  resolutions  were  referred  to  the  Standing  Committek- 

The  General  Skcrktai:y  then  read  the  following  preamble  and  resolu- 
tions, which  upon  motion  were  referred  to  the  Standing  Committee: 

Whereas,  A  bill  was  passed  by  the  Forty-first  Congress,  whereby  the 
part  of  land  in  Wyoming  Territory,  known  as  "The  Yellowstone  National 
Park,"  was  '-reserved  and  withdrawn  from  settlement,  occupancy  or  sale 
under  the  laws  of  the  United  States,  and  dedicated  and  set  apart  as  a 
public  park  or  pleasuring  ground  for  the  benefit  and  enjoyment  of  the 
people ;"  and 

Where  as.  Thct  aforesaid  park  contains  within  its  limits  the  most  remarka- 
ble thermal  springs  and  other  features  of  interest  to  men  of  science  known 
in  any  part  of  the  world ;  and 
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UTifreis,  Tlic  Secretary  of  tin;  Interior  is  ciiarged  l)y  law  with  the  pres- 
ervation aiKJ  inaintenauee  of  said  rest-rvation,  hut  without  any  prov  isioii 
lor  liie  ct)uipensation  (or  the  fulliluient  of  olhcrdutics  impoxil  upon  iiini 
by  the  act  of  dedication ;  be  it 

li'solved, That  we  as  Members  and  Fellows  of  the  American  Associaiinn 
for  the  Advaucement  of  Science,  in  session  In  the  city  of  \;usiiville,  Tenn., 
do  hereby  respectfully  petition  the  Conirress  of  the  United  States  thai 
they  iz'ivQ  this  important  matter  their  most  serious  attention  at  an  early 
date,  that  the  work  of  devastation  now  progressing  in  that  region  may  be 
stayed  ere  it  has  done  irreparable  injury  to  natural  productions  of  the 
highest  value  in  scientific  investigation.     Be  it  further 

liesolred.  That  this  subject,  and  the  manner  of  so  doing,  be  confided  to 
a  committee  of  five  members  of  this  Association  conversant  with  the 
matter,  whose  duty  it  shall  be  to  memorialize  Congress  in  our  behalf,  to 
use  all  legitimate  means  for  the  furtherance  of  the  objects  here  expressed, 
and  to  report  upon  them  at  the  next  meeting  of  this  Association. 

President  Nkwcomu  called  for  a  report  from  the  Permanent  Committee 
on  Weights,  Measures  and  Coinage. 

Prof.  J.  Lawiiexce  Smith  stated  that  no  special  action  had  been  taken 
by  the  committee,  although  he  supposed  next  year,  especially  if  the  Paris 
Exposition  came  off,  more  progress  would  be  made  in  that  direction.  He 
felt  confident  of  the  ultimate  introduction  of  the  metric  system.  Many 
schools  were  now  instructed  in  it,  and  through  the  schools  the  French 
system  of  weights  and  measures  must  come  into  general  use. 

President  Nkwcomb  called  upon  the  Committee  appointed  to  Memorial- 
ize the  New  York  Legislature  for  a  new  Survey  of  Niagara  Falls,  for  a 
report,  but  there  was  no  response. 

The  Prksidext  also  called  for  a  report  from  the  Committee  appointed 
to  Memorialize  Congress  upon  the  Cultivation  of  Timber  and  the  Preser- 
vation of  Forests. 

Permanent  Secretary  Putnam  stated  that  the  committee  had  made  favor- 
able reports  at  two  meetings.  Printed  reports  had  also  been  given  in 
connection  with  Senate  documents. 

Dr.  J.  S.  Copes,  of  New  Orleans,  said  he  was  afraid  the  committee  liad 
considered  the  question  of  too  little  importance,  and  he  would  suggest 
that  some  addition  be  made  to  the  committee  to  make  It  more  efilcient. 
That  thing  was  very  important,  when  the  effects  of  the  continued  bare- 
ness of  our  country  was  considered.  The  French  had  made  great  prog- 
ress in  Algiers  in  the  preservation  and  the  restoration  of  forests,  and 
their  example  should  be  followed  here. 

Capt.  Dall  stated  that  Prof.  IIouGil,  chairman  of  the  committee  had 
been  devoting  almost  his  entire  time  to  this  subject  for  more  than  a  year, 
and  visited  Washington  last  winter  entirely  on  that  business.  It  required 
much  time  and  labor  to  obtain  the  necessary  information  on  which  to  base 
some  practical  measure  for  adoption  by  Congress.  Prof.  Ilofoii  had 
received  from  Congress  some  additional  authority,  and  there  was  no  ques- 
tion  whatever  that  the  chairman  was  doing  all  he  could  toward  that  in- 
terest. 
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Tlie  Gknkkal  Rkcuktaky  announced  that  tlie  Standing  Committkb 
recommended  that  the  invitatiou  to  hold  tlie  next  meeting  of  the  Associ- 
ation at  St.  Louis,  be  accepted ;  also  tliat  the  Comraittee  recomraeuded 
the  selection  of  the  following  named  gentlemen  as  officers  of  the  Associ- 
ation for  the  ensuing  year. 

President,—  O.  C.  Marsh,  New  Haven. 

Vice  I^esident,  Section  A ,— R.  II.  Tuurston,  Ilohoken,  N.  J. 
Vice  President,  Section  B, — A.  R.  Grote,  Buffalo. 
General  Secretary, — II.  Caruington  Bolton,  Hartford. 
Secretary,  Section  ^1,— Francis  E.  Nipiikr,  St.  Louis. 
Secretary,  Section  D, —  Georgk  Little,  Atlanta,  Ga. 
Treasurer, — Wm.  S.  Vaux,  Philadelphia. 

Auditing  Committee, — Henry  Wheatland,  of  Salem,  and  Samuel 
H.  ScuDDER,  of  Cambridge. 

Prof.  Safford  was  authorized  to  cast  the  ballot  of  the  Association  for 
the  election  of  ofHcers  for  the  ensuing  year  with  the  above  result. 

The  recommeudatii)n  of  the  Standing  Committee  that  the  next  meet- 
ing of  the  Association  should  be  held  at  St.  Louis,  Mo.,  on  the  third 
Wednesday  in  August,  1878,  was  adopted. 

Adjourned  to  meet  in  sections. 

In  the  evening  the  Association  met  in  the  Senate  Chamber  at  7.30  p.  M. 
to  listen  to  Vice  President  Pickering's  address,  which  was  read  by  Prof. 
R.  H.  Thurston. 

The  Sixth  Day's  Session  was  held  in  the  Hall  of  Representatives  at  10  a.  m. 

The  Gknkkal  Secretary  reported  the  recommendation  of  the  Stand- 
ing Committee  that  the  resolutions  offered  with  regard  to  the  preserva- 
tion of  '"The  Yellowstone  National  Park,"  be  adopted  by  the  Association. 

The  resolutions  were  then  adopted  and  the  President  appointed  the  fol- 
lowing Committee:  Profs.  T.  B-  Comstock,  Joseph  Henry,  O.  C.  Marsh, 
Lieut.  G.  M.  Wheeler,  and  Major  J.  W.  Powell. 

The  General  Secretary  presented  the  following  resolution,  recom- 
mended by  the  Standing  Committee,  for  adoption. 

Besolved,  That  a  permanent  committee  of  five  be  appointed,  to  be  on- 
titled  a  Committee  on  the  Introduction  of  Studies  in  Science  into  the 
Sciiools  of  the  Country,  said  Committee  to  report  to  the  Association  in 
writing  from  lime  to  time,  such  facts  relating  to  this  subject,  and  such 
method  of  facilitating  the  introduction  of  studies  on  science  into  the 
schools,  as  they  niay  deem  wise. 

The  resolution  was  adopted. 

The  President  appointed  as  such  Committee  Profs.  J.  D.  Runkle,  A. 
R.  Grote.  N.  S.  Shaleh,  J.  W.  Powell  and  N.  T.Lupton. 

The  following,  also  i-ecommended  by  the  Standing  Com.mittee,  was 
adopted : 
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Hesolved,  That  a  Permanent  Conimitteo  of  five  Ito  nppointnl,  to  ho  en- 
titled, a  Committee  on  tlic  Kelations  oC  Scituce  to  the  Indii.strial  Arts. 
Said  Committee  may  report  annually,  in  writing,  .such  facts  in  relation  to 
this  subject  as  they  may  deem  proper. 

The  President  appointed  as  such  Committee:  Profs.  R.  II.  TiiiitsTox, 
J.  M.  Sakfokd,  T.  C.  Mendexiiam,,  and  Messrs.  J.  T.  Wii.dkk  and  O. 
Chanute. 

The  following  resolutions  were  also   recommended  by  the   Standinc 

Co.MMITTEK  : 

Hesolved,  That  this  Association  most  respectfully  asks  the  attention  of 
Congress  and  the  country,  to  the  great  advances  In  the  science  of  meteo- 
rology and  in  the  art  of  weather  preiliclion,  which  iniu'ht  l)e  hoped  lor  if 
the  meteorological  observations  now  taken  by  the  Army  Si-.rn:d  ollli'e. 
under  the  direction  of  the  Secretary  of  War,  were  made  th«-  subject  of 
special  research  and  discussion  by  scientillc  experts. 

Hesolved,  further,  that  a  committee  of  live  members  or  fellows  he 
appointetl  by  the  President  to  represent  this  Association  bel'ore  Congress, 
as  petitioners  for  such  permanent  and  liberal  organization  of  the  nu-teor- 
ological  service,  tiiat  the  valuable  material  collected  by  ii  may  bo 
utilized  iu  the  manner  here  suggested. 

Upon  motion,  these  resolutions  were  adopted,  and  the  Pkksidknt  ap- 
pointed as  such  Committee,  Dr.  J.  D.  Pi.l'nket,  Prof.  Kmas  Loomis, 
Prof.  N.  S.  Shalek,  Prof.  G.  HiNRicns,  Col.  J.  B.  Kii.i.kukkw. 

The  following  resolution  was  also  adopted  on  recommendation  of  the 
Standing  Com.mittee. 

Hesolved,  that  a  Committee  of  Finance,  of  which  the  Treasurer  and 
Permanent  Secretaiy  shall  be  members,  be  appointed,  for  the  puipose  of 
obtaining  permanent  funds  for  the  Association,  and  of  advising  with  the 
Treasurer  and  Secretary  iu  relation  to  flnaucial  matters. 

The  General  Secretary  announced  the  presentation  to  the  Association 
of  a  monographical  volume  containing  matters  relating  to  the  city  of 
Nashville. 

Dr.  Llndsley  said  that  Samuel  Watkins,  President  of  the  Nashville  Gas- 
light Company,  and  President  of  the  Board  of  Education,  together  with 
the  Local  Committee,  would  distribute  four  hundred  copies  of  the  volume 
to  officers  and  members  of  the  Association.  The  contents  of  the  volume 
■were  as  follows  :  Second  Annual  Report  of  the  Board  of  Health,  gotten 
out  with  special  reference  to  this  Association.  Keport  on  the  topogra|)!iy 
of  Nashville,  by  Maj.  "Wilbur  F.  Foster,  illustrated  with  a  map  eml)racing 
an  area  of  three  miles.  Report  on  the  geology  of  Nashville,  by  Prof. 
Safford,  State  Geologist.  Report  on  our  water  supply,  with  a  careful 
analysis,  by  Prof.  Lupton.  Report  upon  the  climate  of  Nashville,  by  Dr. 
A.  C.  Ford,  of  the  Signal  Service.  Interesting  facts  in  Nashville's  history, 
taken  from  the  newspapers  and  other  sources,  by  Anson  Nelson,  .Secretary 
of  the  Tennessee  Historical  Society.  Report  by  the  Health  Offlcer  upon 
the  sanitary  condition  of  Nashville.  A  complete  index,  by  Dr.  George 
Blackie.     Dr.  Llndsley  said  it  was  intended  as  a  memorial  volume. 

Prof.  Cope  moved  that  the  thanks  of  the  Association  be  tendered  for 
these  volumes,  which  was  unanimously  carried. 
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Prof.  T.  Steruy  Hunt,  from  the  Committee  on  the  International  Con- 
gress of  Geologists,  presented  a  report  of  the  Committee. 

[Tliis  report  is  printed  in  full  in  the  first  part  of  this  volume.] 
The  report  was  accepted,  and   the  following  recommendation  of  the 
SrANUiNG  CoMMiTTKK  was  adopted  : 

That  in  addition  to  the  names  of  Prof.  J.  P.  Lesley,  of  Philadelphia, 
and  Prof.  A.  C.  Hamsky,  director  of  the  Geological  Survey  of  Great 
Britain,  aln-ady  added  to  the  International  Coiniinttee,  the  Presidents, 
lor  the  time  l)eiii?;,  of  the  Geolojiicul  Societies  of  Fhanck.  London, 
Edinhckoii,  Duulin,  Hkki>in',  Bki.gium,  Italy,  Spain,  Poktlgai,,  and  of 
the  Imperial  Geological  Institute  of  Vienna  be  invited  to  form  part  of  our 
con)uiission. 

Four  persons,  on  recommendation  of  the  Standing  Committee,  were 
elected  as  members. 

Adjourned  to  meet  in  Sections. 

In  the  evening  the  Association  met  in  the  Hall  of  Representatives  at 
7.30  P.  M. 

The  following  resolutions  were  read  by  the  General  Secretary,  and 
adopted  by  the  Association  : 

Resolved,  that  the  thanks  of  the  Association  be  extended  to  the  Ten- 
nessee Historical  Society  for  the  kind  and  hospitable  manner  in  which 
they  have  received  the  members  of  our  body,  and  for  the  magnificent 
social  entertainment,  so  splendidly  illustrating  the  hospitality  and  beauty 
of  Tennessee. 

Seconded  by  Prof.  J.  Lawrence  Smith. 

Eesolved,  That  we  express  to  the  trustees  and  professors  of  the  Vander- 
BiLT  University,  our  heartfelt  thanks  for  their  reception  of  the  members 
of  this  Association  at  their  noble  institution,  which  is  a  glorious  memo- 
rial of  the  generosity  of  a  man  impelled  by  the  silent  and  powerful  influ- 
ence of  a  true  and  noble  wife. 

Seconded  by  Prof.  O.  C.  Marsh. 

Besolved,  That  we  express  our  thanks  to  the  members  of  the  Young 
Men's  Christian  Association  for  the  kind  and  generous  courtesies  ex- 
tended to  us,  and  that  we  express  an  appreciation  of  their  high  mission 
and  their  efi'orts  to  elevate  and  ennoble  their  fellow  men. 

Seconded  by  Prof.  A.  R.  Grote. 

Eesolved,  That  we  express  our  feelings  of  gratitude  to  the  Press  for  the 
manner  in  which  their  columns  have  been  opened  to  the  publishing  of  our 
proceedings  in  detail. 

Seconded  by  Maj.  J.  W.  Powell. 

Besolved,  That  our  thanks  be  returned  to  the  FiSK  University  for 
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their  kind  invitation  to  visit  their  institution,  whicli  we  were  prevented 
from  accepting  by  the  pressure  of  our  business,  and  by  the  numerous  pre- 
vious engagements  we  had  made,  and  that  we  recognize  their  institution 
as  destined  one  day  to  stand  side  by  side  with  tlie  lirst  in  the  land,  elevat- 
ing a  race  that  was  brought  here  through  the  inscrutable  will  of  an  over- 
ruling Providence,  and  are  now  launched  forth  In  a  new  career  with  rights 
as  broad  as  any  in  the  land. 

Seconded  by  Capt.  "W.  II.  Dall. 

Sesolved,  That  the  thanks  of  the  Association  are  due  to  various  Kail- 
way  AND  Steamboat  lines  for  reductions  and  various  facilities  offered  to 
the  members,  and  more  especially  to  those  roads  which  have  so  generously 
invited  the  Association  to  excursions  over  their  lines,  notably  the  railway 
from  this  place  to  Chattanooga,  and  the  Texas  Paciflc  liailroad. 

Seconded  by  Prof.  T.  Sterry  Hunt. 

Resolved,  That  the  sincere  thanks  of  the  Association  be  tendered  to  the 
Western  Union  Telegraph  Co.mpany  for  the  unexpected  and  generous 
offer  of  the  use  of  the  lines  of  their  extensive  and  perfect  telegraph  sys- 
tem, this  being  the  first  time  in  the  history  of  the  Association  that  this 
great  convenience  has  been  afforded  them. 

Seconded  by  Prof.  T.  C.  Mendenhall. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  for  the  several 
cordial  invitations  from  Cincinnati  and  St.  Paul  to  hold  the  next  meet- 
ing in  those  cities,  and  that  while  unable  to  accept  these  invitations  for 
the  next  meeting,  we,  the  members  of  the  Association,  hope  that  the 
opportunity  will  be  again  given  for  their  consideration. 

Seconded  by  Prof.  H.  Carrington  Bolton. 

Resolved,  That  the  thanks  of  this  Association  are  due,  and  that  they  are 
hereby  tendered  to  the  Governor  and  to  the  Secuktary  of  State  — 
acting  Governor — for  the  courtesies  extended  to  the  Association  by  them 
previous  to  and  during  the  present  meeting,  and  especially  for  the  use  of 
rooms  in  the  Capitol. 

Seconded  by  Perm.  Sec'y  F.  W.  Putnam. 

Resolved,  That  the  Association  acknowledge  with  thanks  the  active 
cooperation  and  assistance  of  Messrs.  Lindsley,  Lupton  and  Safford  of 
this  body,  and  the  others,  who,  with  them,  compose  the  Local  Committee 
of  the  citizens  of  Nashville. 

Seconded  by  Prof.  E.  T.  Cox. 

Resolved,  That  this  Association  desires  to  express  to  the  Mayor  and  to 
the  People  of  Nashville,  a  full  appreciation  of  the  hearty  reception,  the 
courtesy  and  the  great  hospitality   which  have  been  extended  to  the 
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AssociAtioD  ns  a  body  ami  to  individual  members,  and  the  sincere  thanks 
of  this  body  are  hereby  tendered  therefor. 
Seconded  by  Prof.  K.  H.  Thurston. 

After  remarks  by  Acting  Governor,  Col.  C.  N.  Gibbs,  President  Nkw- 
CoMB  said  : 

Tlie  hour  of  our  adjournment  has  now  arrived,  but  I  cannot  allow  the 
occasion  to  pass,  without  adding  some  general  expression  of  our  feelings 
to  the  several  resolutions  of  thanks  which  have  been  passed.  Without 
expressing  any  opinion  as  to  whether  business  or  pleasure  should  be 
regarded  as  the  main  object  of  these  meetings,  no  one  will  deny  that  we 
may  look  back  upon  the  opportunities  of  extending  our  acquaintance 
among  the  appreciative  fellow-citizens  of  various  parts  of  our  country 
as  one  of  their  valuable  results.  That  this  result  has  been  reached  to  an 
entirely  unexpected  degree  is,  I  am  sure,  the  sentiment  of  every  member 
present.  We  may  have  been  received  as  sumptuously  by  more  populous 
communities,  but  never  more  heartily,  and  never  have  we  been  more 
conscious  of  the  appreciation  of  the  objects  of  the  Association  by  a 
whole  community. 

We  have  met  this  evening  to  pay  a  debt  of  seventeen  years'  standing,  to 
the  city  of  Nashville,  and  I  am  glad  to  be  able  to  say  that  one  of  the  gen- 
tlemen, who,  in  1860,  invited  the  Association  to  meet  here,  is  now  Secretary 
of  the  Local  Committee.  And  now,  what  shall  we  say  to  these  citizens 
who  have  treated  us  so  kindly?  We  can  only  faintly  express  an  apprecia- 
tion of  all  they  have  done  for  us. 

Retiring  from  this  chair  I  scarcely  know  how  to  express  my  appreciation 
of  the  very  great  kindness  with  which  you  have  treated  me  since  I  have 
filled  it.  My  total  inexperience  in  presiding,  you  have,  as  it  were,  helped 
along  by  expressions  of  appreciation  of  my  feeble  efibrts,  for  which,  in 
retiring  to  take  my  place  among  the  small  but  honored  body  of  your 
past  Presidents,  I  tender  my  most  hearty  thanks. 

President  Newcomb  then  declared  the  Association  adjourned  to  meet  at 
St.  Louis  on  Wednesday,  August  21,  1878. 

A.  B.  GuOTS, 

General  Secretary, 
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RErORT    OF    THE    PERMAXENT    SECRETARY    MADE    TO    THE 
STANDING    COMMITTEE    AT    NASHVILLE. 

TiiK  following  cash  account  embraces  the  period  from  August  4,  187fi. 
to  August  11,  1877,  including  the  Buffalo  Meeting  and  closing  just  prior 
to  that  of  Nashville.  It  will  be  noticed  that  the  receipts  were  not  sudlcient 
to  meet  the  cost  of  printing  the  volume  of  Proceedings  and  the  other 
expenses  of  the  Association  within  g753.42,  which,  addetl  to  the  out- 
standing debt  of  §i)G0.G9,  leaves  the  Association  in  debt  to  the  Permanent 
Secretary  to  the  amount  of  81714.11,  at  this  date.  It  is,  therefore,  neces- 
sary to  urge  economy  at  the  present  meeting,  especially  in  regard  to 
printing. 

The  Permanent  Secretary  has  continued  to  employ,  at  his  expense, 
an  assistant  at  the  ofQce  of  the  Association  at  Salem,  and,  as  slated  in 
former  reports,  the  numerous  details  to  be  attended  to  render  it  neces- 
sary that  the  time  of  one  person  should  be  exclusively  devoted  to  the 
work. 

Fifty  dollars  have  been  added  to  the  Life  Membership  Fund  during  the 
year  and  made  over  to  the  Treasurer  for  permanent  investment.  This 
fund  now  stands  as  follows  : — 

$232. 00  temporarily  invested  by  Permanent  Secretary. 
25.50  accrued  interest  to  date  on  above  amount. 
50.00  invested  by  Treasurer. 


§307.50 
The  Treasurer  reports  that  the  total  Fund  in  his  possession,  at  date, 
with  accrued  interest,  amounts  to  $1816.33. 

F.  "W.  Putnam, 

Fermanetit  Secretary. 
Sausm,  August  11,  1877. 


1 
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AMERICAN  ASSOCIATION   FOR 
Dr.  In  Account  m'ith  F,  W.  Putxam, 

J 870-77. 

To  Eorpensci  of  Buffalo  Meeting:  — 

G<MUM-al  Expenses  at  Buffalo 8     175  08 

500  copies  Constitution  and  List  of  Members  38  75 

Committee  on  W.  M.  &  C,  bill  of  printing      .  25  50 

$     239  33 

Expenses  of  Buffalo  Volume,  1004  Copies:  — 

Illustrations 2G  10 

Composition,  Paper  and  Press-work   ....  1,247  37 
Bindin*;  972  in  Paper,  25  in  doth,  7  in  i  Mo- 
rocco, and  25  cloth  covers 211  87 

Extra  Copies,  Addresses  and  Reports  of  Com- 
mittees       45  43 

Wrapping  800  for  distribution 10  50 

Distribution  to  members :  Mail  and  Express  95  85 

1,C37  12 

General  and  Office  Expenses:  — 

Printing  Circulars,  Blanljs,  Tickets,  etc.     .     .  93  00 
Binding  and  Cloth  Covers,  for  Back  "Volumes  218  85 
Boxes  for  storage  of  Back  Volumes  of  Pro- 
ceedings     80  66 

Postage,  Express  and  Telegrams 189  83 

Kent  of  Office  to  July  1,  1877 100  00 

Fuel 38  00 

Janitor 26  00 

Stationery  and  Minor  Office  Expenses    ...  34  87 

781  21 

Life  Membership  Fund;  Paid  to  Treasurer    ...  5000 

Permanent  Secretary,  Balance  last  Account    .    .  960  69 

Permanent  Secretary,  Salary  for  1876-77    .    .    .  1,000  00 


$4,668  35 


Salem,  Aug.  11,  1877. 

I  have  examined  the  above  account  and  certify  that 
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ADVANCEMENT  OF   SCIENCE. 

PhjoiANENT  Secret AUY.  Cr. 

187&-77. 

By  Assessments  previous  to  the  25th  Meeting $    213  00 

Assessments  for  (Buffalo)  25th  Meeting 1,545  00 

Assessments  for  (Nashville)  26th  Meeting 2G1  00 

Entrance  Fees,  25th  Meeting 595  OO 

ICntrance  Fee,  2(Jth  Meeting 5  00 

Fellowship  Fees 18  00 

Publications  sold,  and  Binding 260  (14 

Donation  from  a  Member 6  00 

Express  chariie  refunded 1  00 

Life  Membership  Commutation 50  00 

Balance  due  Permanent  Secretary 1,714  11 


$4,668  35 


the  same  is  correctly  cast  and  properly  vonched. 

Henry  Wheatland,  Auditor. 
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PUBLICATION  ACCOUNT  OF  THE  PERMANENT  SECRETARY. 

SixcK  the  account  printed  In  the  Buffalo  volume,  and  dated  May  1, 
1877,  1004  copies  of  the  Buffalo  volume  liavu  been  received  from  the 
printer,  and  tlie  following  volumes  have  been  distributed  :  —  To  meml)ers, 
7(i2  copies  of  the  Buffalo  volume  and  48  of  other  volumes;  bj-  vote  of  the 
Standing  Committee,  151  Buffalo,  and  86  other  volumes;  13  Buffalo,  and 
i!sG  other  volumes  have  been  sold. 

Of  the  Memoirs,  3  copies  have  been  sold  and  one  has  been  sent  out  by 
vote  of  the  Standing  Committee. 

F.  W.  Putnam, 

Permanent  Secretary. 
Salem,  July  19,  1878. 
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